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i  
 
Abstract 
 
Lighting has become an integral part of good road design practice. There is global 
evidence that suggests appropriate lighting can reduce road crashes, improve traffic 
operation and discourage illegal acts. It is because of these benefits that the general 
community has come to expect a certain level of lighting on heavily trafficked routes. 
 
Road authorities have a duty of care to provide this safe environment for all road 
users. Road crash can be very expensive and not providing crash prevention measures 
could leave road authorities open to litigation. Therefore, the costs saved by the 
installation of suitable road lighting can often far outweigh the outlay required for its 
installation. 
 
This project seeks to examine for any benefits that may be achieved by upgrading 
existing lighting to the current Australian Standard and incorporating more efficient 
designs. The existing lighting on a section of the Warrego Highway in Toowoomba, 
Queensland, was examined against the current Australian Standard AS/NZS1158. 
This project examined the costs associated with upgrading any light deficient areas to 
the levels set out in the Australian Standard against the estimated cost savings that 
may be achieved from reduced road crash costs as a result of that upgrade. 
 
It was found that some intersections along the study section of highway had a high 
percentage of night time crashes and were also deficient for lighting to what is 
required by the Australian Standard. It was estimated that improved lighting could 
achieve savings to the public of up to $60,000 per year on a single intersection.  
 
This study cannot give a definitive answer as to which way to go in terms of whether 
upgrading existing lighting to the current Australian Standard is warranted in terms of 
cost effectiveness, but gives a problem solving process for the possible identification 
of night time crash black spots. Once identified, these black spots need to be looked 
at and analysed on an individual basis.  
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Glossary 
 
Carriageway Width – The portion of the road devoted particularly to the use of 
vehicles, inclusive of shoulders and auxiliary lanes. 
 
Efficacy – Gives the measure of how efficient a lamp is in converting electrical 
energy into light. Unit l/watt 
 
Illuminance (E) – The physical measure of illumination is illuminance. It is the 
luminous flux arriving at a surface divided by the area of the illuminated surface. 
Unit: lux (lx); 1 lx = 1 lm/m2 
 
Longitudinal Uniformity (UL) – The ratio of the minimum to the maximum 
luminance along a specified length of the carriageway, along the longitudinal line 
passing through a specified observer position. 
 
Luminaire – Apparatus which distributes, filters or transforms the light transmitted 
from one or more lamps and which  includes, except for the lamps themselves, all the 
parts necessary for fixing and protecting the lamps and, where necessary, circuit 
auxiliaries together with the means for connecting them to the electrical supply. 
 
Luminance (L) – The physical quantity corresponding to the brightness of a surface 
(e.g. a lamp, luminaire or reflecting material such as the road surface) when viewed 
from a specified direction. Unit: candela per square metre (cd/m2). 
 
Luminous Flux (Ф) – The measure of the quantity of light. For a lamp or luminaire 
it normally refers to the total light emitted irrespective of the directions in which it is 
distributed. Unit: lumen (lm). 
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Luminous Intensity (I) – The concentration of luminous flux emitted in a specified 
direction. Unit: candela (cd). 
 
Maintenance Factor – Ratio of luminous flux of a lamp at a given time in its life to 
the initial luminous flux. 
 
Median Width – The width of a strip of road, not normally intended for use by 
traffic, which separates carriageways for traffic in opposite directions. 
 
Mounting Height (H) – The vertical distance between the photometric centre of a 
luminaire and the surface which is to be illuminated, e.g. the road surface. 
 
Outreach – The distance, measured horizontally, from the photometric centre of a 
luminaire to the centre of the vertical section of the pole or to the mounting plate by 
which it is secured to a pole, wall or other supporting surface. 
 
Overall uniformity (Uo) – The ratio of the minimum to the average luminance 
within the specified section of the carriageway, viewed from a specified area. 
 
Overhang (OH) – The distance, measured horizontally, between the photometric 
centre of a luminaire and the adjacent kerb or carriageway edge. The distance is taken 
to be positive if the luminaire is in front of the kerb or carriageway edge and negative 
if it is behind. 
 
Public Body – The public body defined as the Queensland Department of Main 
Roads (i.e. Main Roads). 
 
Public Lighting Tariff – A tariff set by the Regulator and levied for the provision of 
Rate 1, 2 or 3 lighting. These tariffs are only available to Public Bodies. 
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SOA – Main Roads’ Standing Offer Arrangement with a supplier. 
 
Spacing (S) – The distance between successive luminaries in a road lighting 
installation measured along the line of luminaries. 
 
Surround (verge) illuminance (Es) – The ratio of the average illuminance of a 3m 
wide strip of the verge to the average illuminance of a contiguous like strip of the 
carriageway, both strips extending for one span of lighting. 
 
Threshold Increment (TI) – The measure of disability glare expressed as the 
percentage increase in contrast required between a standard object and its background 
(the carriageway) for it to be seen equally as well with the source of glare present as 
with it absent, derived in the specified manner. 
 
Upcast Angle – The angle by which the axis of the fixing spigot entry is tilted above 
the horizontal when the luminaire is installed. 
 
(Source: AS/NZS 1158.0:2005 Road Lighting Part 0: Introduction – Definitions) 
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1.0 Introduction 
 
1.1 Queensland State Controlled Road Network 
 
There are approximately 175,000 km of public roads in Queensland. The Department 
of Main Roads controls around 34000 km with the remainder being controlled by 
local governments, including aboriginal and islander community councils. The 
lighting required to light these roads is very expensive in terms of energy 
consumption, installation and maintenance costs.  
 
Australia wide there are 1.94 million public lights that cost $210 million annually. 
This represents around 1 light for every 10 Australians. They use 1.035 GWh of 
electricity (0.75% of the Australian Total) and are responsible for 1.15 million tonnes 
of CO2 emissions (0.63% of Australia’s total greenhouse gas emissions from 
electricity. (Brown, n.d.) Queensland’s lighting represents about 20% of these total 
figures. Of these some 350,000 lights, approximately 25% are found on major roads, 
but they represent 52% of the energy consumption. This means that the Department 
of Main Roads is interested in finding more efficient lighting. 
 
There is however, strong evidence that appropriate lighting is necessary on major 
roads, and can reduce the number of night time road crashes and thus further costs to 
the Queensland public. Achieving a balance between energy consumption and light 
output is therefore of great importance with regard to costs. 
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1.2 Project Aims 
 
This project assessed the existing lighting on a section of state controlled highway 
against the relevant Australian Standard and aimed to suggest improvements. 
 
The main objectives were: 
a) Determine a suitable section of state controlled road to study. The road chosen 
shall give a good representation of uses so that findings can be compared to 
similar situations across the state controlled network.  
  
b) Review AS1158 “Lighting for Roads and Public Spaces and determine the 
standard appropriate for this section of Road. 
 
c) Investigate whether the existing lighting design complies with the current 
Australian Standard, highlighting any deficiencies. 
 
d) Examine whether the design lighting levels are reflected on site, taking into 
account the effects of obstructions and lighting maintenance. 
 
e) And carry out a cost benefit analysis of upgrading the street lighting to the levels 
set out in relevant Australian Standards against any cost saving benefits that may 
be achieved by the upgrade in terms of reducing road crashes. 
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2.0 Background 
 
Road authorities have a duty of care to provide a safe environment for all road users. 
Road crash can be very expensive and not providing crash prevention measures could 
leave road authorities open to litigation. Therefore the costs saved by the installation 
of suitable road lighting can often far outweigh the outlay required for its installation. 
 
The suitability of road lighting can be evaluated against the Australian/New Zealand 
Standards which set out the standard of lighting required for different situations. The 
Australian Standards for road lighting were revised in 2005. The revised standard 
provides different design criteria to the previous standard. This means much of 
Queensland’s road lighting network is designed to an outdated standard. There have 
also been significant advancements in luminaire production and efficiency in the past 
decade. This in some cases can mean a reduction in lamp wattages without sacrificing 
existing lighting levels or even a reduction of the number of roadside poles used.  
 
 
3.0 Methodology 
 
The project follows a set methodology as listed below: 
 
1. Research and review relevant literature in relation to: 
• Street lighting design and Australian Standards 
• Economic evaluation of street lighting systems 
• Influences of street lighting on crime and road crashes 
 
 
 
Cost Effectiveness of Street Lighting                                    Paul Weis: Q98226396 
4  
2. Select an area for study, and research and gather information about the area 
on: 
• the existing lighting, 
• crime, 
• traffic and road crashes, 
• and lighting costs, 
 
3. Review the data and assess the technical challenges to upgrade the street 
lighting of the area to the levels set out in relevant Australian Standards. 
 
This assessment of the existing lighting will be carried out using two different 
methods: 
a) Computer Aided - Information will be gathered on the existing 
lighting of the subject site regarding pole location, luminaire details 
and mounting height. This will be used with existing survey 
information, if available, and put into the AutoCad program. The 
Perfect Lite interface will provide a link between AutoCad and the 
Perfect Lite program so that lighting contours can be quickly and 
easily produced and overlayed onto the design and survey 
information. This will allow the existing lighting design to be 
checked for compliance against the illuminance based requirements 
of the Australian Standards. SAA STAN will be used through the 
shell program STANSHELL to assess the luminance based 
requirements of the standards 
b) On-site light recordings – The existing lighting levels will be 
recorded on site with the use of a light meter. This data will be used 
to evaluate the computer results, taking into account the affect of 
trees and maintenance, to see if design values are represented 
correctly on site. 
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4. A review of the existing lighting will be carried out and an assessment made 
of the technical challenges to upgrade the street lighting of the area to the 
levels set out in relevant Australian Standards. 
 
5. The results of the existing lighting evaluation is to be reviewed together with 
existing road crash data for the site so that a prediction can be made on the 
benefits, if any, that would result from a lighting upgrade. The evaluation will 
also take into account any possible benefits that may be obtained by the use 
of more efficient luminaries. 
 
 
4.0 Literature Review 
 
The information search attempted to find lighting design information that applied to 
designs within Queensland and in particular relating to Department of Main Roads 
(Main Roads) type projects.  
 
A number of publications were sourced which are intended for use with the 
Australian Standards. The current Australian and New Zealand Standard “AS/NZS 
Lighting for Roads and Public Spaces” was revised and re-published in 2005. The 
changes made were found in a training booklet brought out by SAI Global. (SAI 
Global, 2005) This booklet will only be referred to for a summary/commentary of the 
changes made within the standards and will assist in making comparisons between 
the existing lighting design of the subject area, designed to the old standard, and the 
requirements of the current standard. The AS/NZS 1158 series (Australian Standards 
2005) will be the main source of design criteria that will be used to both analyse the 
existing lighting design and to suggest changes. The series of standards are reviewed 
in Section 4.2. 
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Road Lighting From Concepts to Design (Burrage, n.d.) gives good theory and 
concept on lighting calculation and the characteristics and behaviour of light. There is 
no published date on this book but it is clear from a review of the design criteria 
located within that it was published before the updated standard was produced. Much 
of the Burrage n.d. material is reproduced and updated in the current standard and is 
therefore considered not relevant. A chapter on highmast lighting (Burrage, n.d.) 
which examines its benefits and design uses will be useful in the context of the 
project work as this type of lighting can be found on the subject site. 
 
The Road Planning & Design Manual (RPDM) (Main Roads 2004) and Roadway 
Lighting (Austroads 2004) give good details of the warrants for lighting in different 
applications. The RPDM gives the below figure that uses traffic volumes at an 
intersection to determine whether lighting is necessary, and if so, what standard may 
be required. The RPDM also gives a good guide to the different lighting Tariffs that 
may be encountered in the study and the requirements of each and outlines design 
information relevant to Main Roads lighting installations. 
 
 
Figure 4-1 Warrants for Consideration of Road Lighting  
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Design Standards for Urban Infrastructure (Draft ACT Government 2007) provides 
lighting design information and was sourced from the website 
(http://www.tams.act.gov.au). This document is focused on lighting design standards 
for the ACT and could not provide any new information so will not be used in this 
study. 
 
Cost Effectiveness of Suburban Street Lighting (Luke, 2006) carried out a study on a 
portion of a local Council in Victoria’s lighting stock. It focussed on finding the most 
viable sustainable public lighting options for the Council, considering whole of life 
costs of luminaires and lamps, and compliance with the Australian Standard. Luke 
found that the major roads in the study area had too many lights and that reductions in 
number could be made whilst still being compliant with the standard. Luke also found 
that a change to more energy efficient lamps was not warranted and that there was no 
cost benefit in doing so. The Luke project will be useful in comparing lighting 
evaluation methods and findings and for referencing the types of luminaires available. 
This project will have an additional focus on comparing the existing lighting to road 
crash data.  Another previous project on the Cost Effectiveness of Suburban Street 
Lighting (Fowler, 2006) was reviewed. Fowler compared costs between a local 
council in Western Australia maintaining the lighting network or the council paying 
the local power authority of the area to do it. The Fowler study is therefore 
considered as having little benefit to this project, however lamp comparisons and 
crash study information found within will be referred to. 
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4.1 Lighting Components 
 
Main Roads controls the standard of lighting found on roads that it is steward over 
through the Standard Drawings Roads (Main Roads 2004) and the Standard 
Specifications Roads (Main Roads 1999). These documents contain details of the 
different types of lighting for installation on Queensland state controlled roads and 
the components that make up each as well as construction methods used. 
 
Main Roads also has a Standard Offer Arrangement (SOA) that requires certain types 
of luminaires to be used for its lighting installations depending on the lighting tariff 
applied. The luminaires used have been approved by Main Roads and comply with 
their specifications and requirements and therefore do not need to be re-approved 
each they are used. This saves costs. The three lighting tariffs available to Main 
Roads are: 
 
Rate 1 Lighting – Public lighting supplied, installed, owned and maintained 
by the Electricity Supply Corporation. 
 
Rate 2 Lighting – Public lighting owned and maintained by the Electricity 
Supply Corporation. Either the Electricity Supply Corporation or an Approved 
Contractor may install the lighting. 
 
Rate 3 Lighting – Public lighting supplied, installed, owned and maintained 
by the public body. 
 
For Rate 1 and 2 tariff luminaires the main supplier of luminaires is Sylvania 
Lighting International and for Rate 3 installations the SOA requires that Rexel 
Australia Electrical luminaires be used. These requirements must be kept in mind 
when designing any possible upgrades. 
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Figure 4-2 Lighting Components  
  
 
Figure 4-2 details a typical stand alone road lighting installation. The main features 
that need to be noted are: 
 
1. The Luminaire, or light fitting which distributes, filters or transforms the light 
transmitted from one or more lamps and which includes, except for the lamps 
themselves, all the parts necessary for fixing and protecting the lamps and, 
where necessary, circuit auxiliaries together with the means for connecting 
them to the electrical supply. (AS/NZS 1158.1.1) The luminaire protects all 
the components that it houses from rain, hail, dust, temperature, insects, birds 
and pollution. It is because they are subject to the elements that they 
eventually degrade. They generally have a life of around 20 years. 
ITEM DESCRIPTION 
1 Road Lighting Luminaire 
2 Road Lighting Pole Outreach Arm 
3 Road Lighting Pole 
4 Wiring Details  
5 Footing 
6 Anchor Cage 
7 Electrical Cable Joining Pit & Lid 
8 50 PVC HD U/G Electrical Conduit 
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The luminaire comes in a standard configuration and an aeroscreen 
configuration. (Figure 4-3) The aeroscreen luminaire restricts the light that is 
emitted above the horizontal plane. They are typically used around airports 
where stray light could effect a pilots ability to navigate a landing.  
 
 
 
Figure 4-3 Luminaire Types  
 
 
2. The Australian Standards describe the Outreach as being the distance 
measured horizontally, from the photometric centre of a luminaire, to: 
 
a) for lighting poles with outreach arms  the centre of the vertical section 
of the pole; or 
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b) for bracket arms, the mounting plate by means of which the bracket 
arm is secured to the pole, wall or other supporting surface. 
 
Outreach arms come in standard sizes of 3.0m which can be extended to 4.5m 
via a 1.5m extension piece. 
 
3. The Road Lighting Pole supports the outreach and luminaire. There are 
basically two main types, that being stand alone steel or timber poles and 
timber or concrete power poles. Steel road lighting poles come in two types. 
• Rigid poles – Which are designed to take the impact of a vehicle 
without deforming and staying upright. 
• Frangible Poles – Slip base poles and impact-absorbing poles make up 
the two types of frangible poles. Slip base poles dislodge from their 
footing when impacted by a vehicle and does not significantly affect 
the progress of the impacting vehicle. Impact-absorbing poles stay 
connected to the footing once impacted and absorb the impact by 
progressively deforming and entrapping the impacting vehicle. 
Steel poles come in standard lengths of 8.5m and 10.0m. Together the pole 
and outreach will give common luminaire mounting heights of 10.5m and 
12m above the road surface. 
 
The Sustainable Public Lighting Toolbox website (http://www.iclei.org 
/index.php?id=6466) lists a further description of the luminaire and components that 
it houses. These components are shown in Figure 4-4. 
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Figure 4-4 Luminaire Components 
 
 
The lamp produces the light, and is generally replaced every four years. 
 
The ballast helps provide the right current and voltage to the lamp. It can be 
magnetic or electronic, and its energy use varies. The control gear regulates the 
voltage and current supplied to the lamp. 
 
The on-off switching control. This is usually a photoelectric (PE) cell which 
responds to light levels, but there are other types. 
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4.2 Lighting Design Standards for Arterial Roads 
 
There are seven standards located within the AS/NZS 1158 series (Australian 
Standards 2005). They each have been critically reviewed for information to be used 
in the project. This information is summarized below. 
  
• AS/NZS 1158.0: Introduction 
The introduction to the series contains the definitions and sets out the lighting 
categories that are referenced in the proceeding standards. It provides an explanation 
of the two main categories of lighting. These are: 
 
Category V Lighting – Applies to roads where the visual requirements of 
motorists are dominant, such as arterial roads and freeways. 
 
Category P Lighting – Applies to areas intended primarily for pedestrian use or 
for mixed pedestrian, vehicle and bicycle use. 
 
• AS/NZS 1158.1.1: Vehicular traffic (Category V) lighting – Performance and 
design requirements. 
This standard provides descriptions of the five sub-categories of Category V lighting 
and their typical applications. These are shown in Table 4-1. It also provides the light 
technical parameters (Table 4-2) to be used for each sub-category. These parameters 
used together with other specific design methods and rules found in this standard can 
be used to assess a lighting design for compliance. 
 
• AS/NZS 1158.1.3: Vehicular traffic (Category V) lighting – Guide to design, 
installation, operation and maintenance. 
This standard provides design, installation, operation and maintenance guidelines for 
lighting installations to be used to achieve compliance with the requirements of 
AS/NZS 1158.1.1. This document together with AS/NZS 1158.1.1 will be the major 
standards that will be used to assess the subject site. 
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• AS1158.2: Computer Procedures for the calculation of light technical 
parameters for Category V lighting. 
AS1158.2 lists relevant computer programs and procedures for the calculation of light 
technical parameters (LTP’s). It provides a copy of then SAA STAN program which 
calculates light technical parameters for straight sections of road for eight different 
designated placement arrangements.  
 
There is also a shell program, called STANSHELL, provided as SAA STAN is 
considered inherently user friendly. The shell program is used so the user can operate 
and access SAA STAN through the shell which is very easy and reliable. 
 
Other programs are needed to calculate LTP’s for Category V installations that SAA 
STAN cannot calculate. Perfect Lite by Trevor Caswell Software will be used to 
calculate these parameters and to check design standards are met for any intersection 
lighting encountered on the subject road. The software creates lighting contours that 
can be checked for a design to make sure the appropriate design intensities are met 
and can also calculate the Upward Waste Light Ratio which SAA STAN cannot. 
 
• AS/NZS 1158.3.1: Pedestrian Area (Category P) lighting – Performance and 
design requirements. 
This standard provides design requirements for Category P lighting. This project will 
only be concerned with Category V lighting therefore reference to this standard will 
not be necessary. 
 
• AS1158.4: Supplementary Lighting at Pedestrian Crossings. 
AS1158.4 deals with the requirements of flood lighting at pedestrian crossings. This 
standard will not need to be referenced throughout the life of the project. 
  
• AS1158.6: Luminaires 
 
AS1158.6 is concerned with the manufacturing standards of luminaries and was 
considered an unnecessary reference for this project. 
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       * V4 is the minimum subcategory recommended for application in New Zealand 
Table 4-1 Category V Lighting and Typical Applications (AS/NZS  1158.1.1:2005 Table 2.1) 
 
CATEGORY V LIGHTING AND TYPICAL APPLICATIONS 
Typical applications Lighting subcategory 
Description of road or area type Operating characteristics  
Arterial or main roads in central and regional activity centres of capital 
and major provincial cities, and other areas with major abutting traffic 
generators 
-Mixed vehicle and pedestrian traffic 
-High to very high vehicle volume 
-High to very high pedestrian volume 
-Moderate to low vehicle speeds 
-Stationary vehicles alongside the carriageway 
-Through and local traffic 
-High traffic generation from abutting properties 
V1 
Arterial roads that predominantly carry through traffic from one region to 
another, forming principal avenues of communication for traffic 
movement, with major abutting traffic generators 
-Mixed vehicle and pedestrian traffic 
-High vehicle volume 
-High pedestrian volume 
-Moderate to high vehicle speeds 
-Stationary vehicles alongside the carriageway 
-Through and local traffic 
-High traffic generation from abutting properties 
V2 
Freeways, motorways and expressways consisting of divided highways 
for through traffic with no access for traffic between interchanges and 
with grade separation at all intersections 
-Vehicle traffic only 
-High to very high vehicle volume 
-High speeds 
Arterial roads that predominantly carry through traffic from one region to 
another, forming principal avenues of communication for traffic 
movements 
-Mixed vehicle and pedestrian traffic 
-Moderate to high vehicle volume 
-High pedestrian volume 
-Moderate to low vehicle speeds 
-Stationary vehicles alongside the carriageway 
-Through and local traffic 
-High traffic generation from abutting properties 
V3 
Sub-arterial or principal roads which connect arterial or main roads to 
areas of development within a region, or which carry traffic directly from 
one part of a region to another part 
-Mixed vehicle and pedestrian traffic 
-Moderate traffic volume 
-Low pedestrian volume 
-Moderate to low vehicle speeds 
-Low traffic generation from abutting properties 
V4* or V5 
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Table 4-2  Values of Light Technical Parameters for Category V Lighting (AS/NZS  1158.1.1:2005 Table 2.2) 
 
 
VALUES OF LIGHT TECHNICAL PARAMETERS FOR CATEGORY V LIGHTING 
 
1 2 3 4 5 6 7 8 9 10 
Light technical parameters 
For straight sections, curves and intersections For intersections and other specified locations 
For all 
applications 
Longitudinal 
uniformity d) 
(UL) 
Lighting 
subcategory
Average 
carriageway 
luminancec,d) 
( L ) 
cd/m2 
Overall 
uniformitya,d) 
(Uo) In 
Australia
In New 
Zealand
Threshold 
increment 
e) 
(TI) 
% 
Surround 
verge 
illuminanced) 
(Es) 
% 
Point 
horizontal 
illuminancec,d) 
(Eph) 
lx 
Illuminance 
(horizontal) 
uniformitye) 
Cat V 
(UE1) 
Upward 
waste light 
ratioe) 
(UWLR) 
% 
V1 
V2 
V3 
V4b 
V5 
1.5 
1.0 
0.75 
0.5 
0.35 
0.33 
0.33 
0.33 
0.33 
0.33 
0.5 
0.5 
0.5 
0.5 
0.5 
0.3 
0.3 
0.3 
0.3 
0.3 
20 
20 
20 
20 
20 
50 
50 
50 
50 
50 
15 
10 
7.5 
5 
3.5 
8 
8 
8 
8 
8 
3 
3 
3 
3 
3 
a) The calculated value for Uo may be less than 0.33, provided the corresponding value for  L   is 10 % or more above the specified minimum, but shall in no case be less than 0.31. 
b) V4 is the minimum subcategory recommended for application in New Zealand. 
c) These values are maintained. 
d) Compliance is achieved by being greater than or equal to the applicable table value. 
e) Compliance is achieved by being less than or equal to the applicable table value. 
Notes: 
1   For the purpose of determining compliance with Table 2.2, the specified light technical parameters should be taken as being justified to two decimal places.  
2   See Table 2.1 for typical applications of each of the lighting subcategories for which light technical parameters are specified. 
3   The specification of separate requirements for UL in Australia and New Zealand arises from differences in the method of calculating this parameter, particularly 
the assumed observer position chosen (see Clauses 3.2.1 and 3.3.3). 
4   See Section 3 for the design methods and requirements for use in assessing compliance with the specified light technical parameters. 
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4.3 Lighting Requirements in the Vicinity of Airports 
 
A specific internet search and review of the lighting publications already sourced 
revealed that lighting around an airport needed to take into account additional 
requirements to those outlined in the Australian Standards. 
 
The RPDM (Main Roads 2004) refers the designer to Regulation 94 of the Civil 
Aviation Regulation (CAR 1988) for guidance in relation to lighting within a 6 
km radius of an aerodrome. 
 
The Civil Aviation Safety Authority (CASA) website (www.casa.gov.au) was 
located and provides a list of guidelines for lighting designs around airports and 
the powers that the CASA has in regards to control over what lights are installed 
in these areas. The elements of road lighting that may cause confusion or 
distraction to aircraft are listed as: 
• Colour 
• Position 
• Pattern 
• And, the intensity of light emission above the horizontal. 
The CASA provides a figure of maximum allowable light intensities above the 
horizontal for installations in the vicinity of aerodromes shown in Figure 4-5. 
 
The lighting chosen in these affected areas will need to be limited to screened 
luminaries to meet this requirement as they emit very little light above the 
horizontal plane. 
 
The regulations of the CASA seem to be employed elsewhere in the world with 
the information supplied on the Airport Operators Association & General 
Aviation Awareness Council website (www.aoa.org.uk) providing almost 
identical design rules and guidelines for lighting around the airports of the United 
Kingdom.   
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Figure 4-5 Lighting requirements in the vicinity of airports 
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4.4 Tree Lined Routes 
 
It is obvious that any form of structure, man made or natural, placed in front of a 
light source will cast a shadow. This can be the case for lighting installations 
where trees line the roadway. When roadside trees block lighting from reaching 
the desired part of the roadway the calculated values of the light technical 
parameters will be compromised. These shadowing effects are not modelled by 
either of the two computer aided design packages that were used in this study.  
 
The study section of highway is lined by trees through most of its length, 
including large pine trees located next to central median located road lighting at 
one location. This needed to be taken into account if accurate comparisons were to 
be made between appropriate street lighting and road crashes. To quantify this 
shadowing effect, visual on site checks as well as checks with the use of a light 
meter were carried out. AS/NZS 1158.1.3.1997 suggests that to combat the 
deleterious effect of trees an appropriate program of tree pruning needs to be 
implemented or a special purpose design needs to be produced or use a 
combination of both of these measures.  
 
In carrying out the lighting design, the normal practice is to determine a mounting 
height and arrangement appropriate for the carriageway lighting design width, 
however this may present difficulties in tree-lined roads due to restriction on 
mounting height and arrangement imposed by tree growth, particularly where 
trees very substantially or completely overhang the carriageway, forming a 
virtually continuous overhead canopy. In these cases it is recommended that 
luminaire positions be selected giving as high a mounting height as possible with 
an arrangement chosen to give the greatest degree of compliance possible. 
(AS/NZS 1158.1.3.1997) The Standard suggests considering the use of single or 
two row central arrangements with luminaires either suspended or mounted on 
long outreach arms. It also suggests locating lighting more closely spaced where 
possible to achieve a greater and more consistent spread of light across the 
roadway.   
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4.5 Comparisons between Road Crashes and Lighting 
 
There were a number of publications reviewed on the relationship between road 
crashes and road lighting. They all agreed that road crashes at night are 
disproportionately higher in number and severity than in daylight hours. There are 
a number of factors discussed as causes of this including increased alcohol usage 
and fatigue with the major factor being darkness itself. 
 
Roadway Lighting (Austroads 2004), AS/NZS 1158 Series (Australian Standards 
2005) and a document “Road Lighting as an Accident Counter-Measure in 1989” 
(Fisher 1989) all discuss research involving sixty two lighting and crash studies 
from 15 countries that was undertaken by The International Commission on 
Illumination (CIE).This study found that in 95% of cases that lighting was 
beneficial and that a reduction in road crashes of between 13% and 75% was 
obtained where road lighting was introduced. This equated to an average crash 
saving of 30%. Road Lighting in New Zealand ( Jackett 1994) details a study that 
was carried out by the New Zealand Land Transport Safety Authority to prove the 
relevance of the CIE study to New Zealand projects. This was due to their 
uncertainty as to what constituted an “upgrading” and the diversity of 
international standards of lighting. The New Zealand study covered 1200 sites that 
were predetermined as having a high occurrence of crashes. Lighting upgrades 
were employed as a crash control measure together with civil upgrades. Jackett 
(1994) reports that the New Zealand study showed a 42% overall crash saving 
where lighting was installed. This confirms the 30% saving reported by CIE as an 
acceptable measure of crash savings that can be expected from the introduction of 
good road lighting.     
 
Jackett (1994) provides formulae for calculating crash savings which introduces a 
factor to separate the benefit of the road lighting from other counter measures. It 
also provides graphs of minimum traffic volume and crash warrants for road 
lighting under varying benefit/cost criteria. Fisher (1989) also provides steps and 
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formulae for calculating the benefit cost ratio of lighting. The examples shown 
use prices from 1987 but the method used is considered useful for this project. 
 
Roadlighting and accidents: before and after studies on trunk road sites (Sabey & 
Johnson 1973) carried out a study on 43 sites on trunk roads. They looked at the 
effect of vehicle speed on the reductions that could be achieved with improved 
lighting. The study reports greater savings on higher speed roads than those with 
lower speeds. On roads with 70 mile/hr (110km/hr) speed limits it was reported 
that crash reductions of 50% were found whereas on roads with 30 and 40 mile/hr 
( 50 & 60km/hr) speed limits a 15% crash reduction was reported. 
 
Table 4-3 summarises the above studies and includes further lighting and crash 
studies sourced from Cost Effectiveness of Suburban Street Lighting (Fowler 
2006). It can be seen from the table that there is significant evidence that 
appropriate lighting can reduce road crashes. 
 
Table 4-3  Summary of Lighting and road crash studies 
Study Location Major Findings 
Chicago 
Report 48% reduction in fatal night crashes in 7 years of 
progressive lighting. 
Kansas City 
81% reduction in pedestrian fatal crashes over 12 years of 
progressive lighting. 
New South Wales 
Relighting to the Australian Standards – night crashes 
reduced 21%, fatalities reduced 29%, pedestrian fatalities 
reduced by 57%. 
Napierville, Illinois 
Lighting of a 5 lane major route – night crashes reduced 
by 35%. 
CIE (International 
Lighting Commission) 
(Europe) 
Good or improved lighting – night crashes reduced by 13 
to 75% 
Transport and Road 
Research Laboratory 
(England) 
Improved lighting – night crashes reduced by 50% on 70 
mile/hr roads and by 15% on 30 and 40 mile/hr roads. 
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4.6 Lamp Comparisons 
 
There are three main types of lamps used in public lighting in Australia. They are: 
 
1. Discharge Lamps, that work by passing a current between electrodes in 
the lamp, which ionise a gas containing small amounts of metals, usually 
mercury. The ionised gas then emits radiation. (http://www 
.iclei.org/index.php?id=6466) They are the most common type used in 
Australian street lighting. The ballast in a discharge lamps circuit is 
important in limiting the current that flows through the lamp which 
prolongs the lamps life and stops it from burning out too quickly. 
 
Types of discharge lamps include: 
1. High Pressure Sodium (HPS) 
2. Mercury Vapour 
3. Fluorescent 
4. Metal Halide 
 
2. Solid State Lamps are comprised of semi-conductor materials that glow 
when a current is passed through them. Light Emitting Diodes are current 
technologies. 
 
3. Induction Lamps are similar to discharge lamps in that they rely on the 
ionisation of a mercury gas, emitting ultraviolet radiation and have a 
phosphor coated lamp. The difference is that the gas is ionised by an 
induced electromagnetic field and not by an electrical discharge. This 
extends lamp life as there are no electrodes to wear out. Induction lamps 
are driven by an electronic high frequency generator. 
(http://www.iclei.org/index. php?id=6466)  
 
The following text lists the types of lamps available, the properties of each and 
discusses any benefits or drawbacks of their use. 
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Light Emitting Diode (LED) 
This type of lighting has typical applications as traffic lights, park and carpark 
lighting. The (Luke) and (Fowler) projects both suggest that LED lighting would 
never replace the existing street lighting available at the time of their writing and 
would only be suitable for bollard type lighting. The Sustainable Public Lighting 
Toolbox website (http://www.iclei.org/index.php?id=6466) states that there have 
been recent developments which have made LED lighting a possible new option 
for street lighting. LED street lights are commercially available in the United 
States but not yet in Australia. The site provides a story on an Australian inventor, 
Keith Higgins, who has developed a highly efficient streetlight based on LED 
technology. It is claimed that the new street light uses 80% less power, has at least 
equivalent light strength (as measured in Lux) and produces a broader spectrum 
light (400mm to 600mm light waves, or 4000 – 6000 K ‘colour temperature’) 
which is easier on the human eye than many other types of street light. In 
addition, it is claimed that the new lights run at lower temperatures than 
incandescent and fluorescent lights and have a life of 50,000 – 100,000 hours.  
 
There is evidence of a number of trials that have been undertaken using LED 
lights that show significant savings in energy use, greenhouse emissions and cost. 
From the information available it would suggest that, because of the high light 
output needed, that LED lighting use for major roads is some time off yet in terms 
of technology, but they could become an energy efficient option for minor street 
lighting in Australia in the near future. 
 
Incandescent 
There are two main types of incandescent lights, common incandescent and 
Tungsten Halogen (quartz iodide). They are similar to normal household lights 
and because of the poor efficacy and relatively short life combine to have a high 
operating cost which means that they are very rarely used for street lighting. 
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Mercury Vapour 
Mercury Vapour lamps have been successfully used for street lighting since the 
1930’s. Mercury Vapour lamps are very cheap, can operate on a simple low cost 
ballast, are tough, reliable and have a light colour acceptable for pedestrian areas. 
These characteristics have made them the ‘work horse’ of Category P roads. 
Unfortunately, they also have several drawbacks, including low efficacy, rapid 
lumen depreciation and uses high quantities of mercury, which poses a disposal 
problem. It is for these reasons that mercury vapour lamps have been phased out 
in many countries in Europe, and are believed to have been phased out in most of 
the United States. (http://www.iclei.org/index.php?id=6466) Main Roads is also in 
the process of phasing out this kind of lamp on the roads it controls. Main Roads 
replaces Mercury Vapour lamps when upgrading and through maintenance 
programs and are therefore becoming more scarce on state controlled roads 
throughout Queensland.  
 
Metal Halide 
Compared to some of the other street light technologies, Metal Halide Lamps are 
fairly new, originating around the 1960’s. They have better performance than 
Mercury Vapour lamps, excellent colour rendition and efficiently convert energy 
to light. (http://www.iclei.org/index.php?id=6466) Metal Halide lamps emit a 
white light, have a moderately long life of around 8000 – 9000 hours and have 
high efficacy. However, they are more prone to failure and need sensitive 
handling. They also have a high initial cost which does not make them 
commercially attractive for use in most public lighting applications. Despite this, 
they may be installed in high prestige areas to enhance the night time appearance 
of the area. (http://www.iclei.org/index.php?id=6466) There are a number of 
studies currently being undertaken using Metal Halide lamps with new 
innovations in ballasts and running gear that are said to improve reliability, life 
and performance. With technology improving this type of lamp could have a 
greater use in local street and major street lighting schemes in the future. 
 
 
Cost Effectiveness of Street Lighting                                Paul Weis: Q98226396 
25  
High Pressure Sodium 
High Pressure Sodium lamps have become the Main Roads first choice lamp for 
use on the state controlled roads of Queensland. This is because they are very 
efficient at higher wattages. In fact, with the exception of Low Pressure Sodium 
(LPS) no other lamp is more efficient. All sources studied agree that the main 
benefits of HPS lamps are their high efficiency (typically 100 lm/w), reliability, 
are relatively inexpensive and are said to become cheaper as the wattages 
increase. They produce light through an arc in ceramic tube containing sodium 
and other elements. The HPS produces light primarily in yellow to spectrum but 
other elements provide light in blue, green, orange and red to improve colour 
rendition. HPS requires a starting aid to provide pulse to start the arc stream.  
 
 The Sustainable Public Lighting Toolbox website rates the HPS lamp colour 
rendering as poor while the Australian Standard has this property listed as fair to 
good. The Sustainable Public Lighting Toolbox website makes its judgement by 
explaining that the orange light of the lamp is absorbed by green foliage, and at 
low light levels it can be hard to distinguish detail under HPS lamps. The HPS 
lamps used on major Category V roads are of high wattages, so this distinguishing 
problem is not experienced which increases there appeal on major roads. 
 
 “Twin arc” are a relatively new development, and further increase the reliability 
and life of HPS lamps, which some manufacturers now claim can extend out to 
50,000 hours. (http://www.iclei.org/index.php?id=6466) The twin arc allows for 
any one of the two arc paths to be operating at any one time with the other acting 
as a backup in case the other fails. This is the reason for the longer life expectancy 
and can mean less frequent batch replacements of lamps.  
 
Fluorescent 
Is a mature technology that is getting better. When combined with electronic 
ballasts, at low wattages (less than 30 watts) the efficiency of tri-phosphor 
fluorescent technology in converting electricity to light is very good. They work  
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on a tubular bulb containing mercury and when the mercury arc operates at a low 
vapour pressure it produces ultraviolet light. The inside of the bulb is coated with 
a phosphor, and the ultraviolet light striking the phosphor causes visible light to 
be emitted. (http://www.iclei.org/index.php?id=6466) Flourescent lamps are 
usually of medium initial cost, have long life, high efficacy (30-70 lm/w), but the 
light produced can vary with ambient temperature.  
 
T5 technology (5 = a diameter of 5/8”) offers excellent performance with low cost 
lamps and a very low mercury content. The Pierlite Greenstreet is currently the 
only available luminaire based on T5 fluorescent tubes. It is available in 2 x 14w 
and 2 x 24w models. The 2 x 24w is an almost direct replacement for a 80w 
Mercury Vapour lamp in terms of pole spacing. Lamp life is 20,000 hours with 
low lumen depreciation. There is a quick drop in output at the end of the lamp life 
as failure rates jump (Refer Figure 5-3) which makes them attractive from a 
maintenance perspective. They cannot achieve the light output necessary for 
major road lighting at this stage. 
 
Compact Fluorescent 
Compact fluorescent technology has had wide use in public lighting, especially in 
solar public lighting applications. It is reasonably priced and offers good 
efficiency, but its short life means greater replacements. A recent development in 
compact fluorescent technology is the addition of amalgam to the mercury inside 
the lamp, which improves cold weather performance. It is said that this Amalgam 
technology should start appearing within the next few years.  
 
Induction 
Induction lamps are a fairly new technology. They have no electrodes or elements, 
which gives them an extremely long life which is reported as being around 
100,000 hours. Induction lamps also have high efficiency (75 lm/w). The long 
lamp life can mean that lamps may not need changing or servicing during the life  
of the luminaire. In fact the control gear is likely to fail before the lamp.  
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(http://www.iclei.org/index.php?id=6466) With all these features in its favour 
induction lamps are not in wide use due to high initial costs and limited choice of 
luminaires to handle them. 
 
Table 4-4 sourced from Table 5.1 of AS/NZS 1158.1.3:1997 compares the main 
luminaires available for use on Category V lighting schemes. 
 
 
Table 4-4  Comparison of Discharge Lamps used for Category V Lighting 
1 2 3 4 5 6 7 
Lamp 
type 
Approx. 
average 
luminous 
efficacy  
(lm/W) 
Typical 
average 
useful life 
 (h) 
Commonly 
used 
ratings 
 
W 
Source 
appearance 
Colour 
Rendering Comments 
High 
pressure 
sodium 
vapour 
100 14 000 100 150 250 400 
Golden 
yellow Fair/good 
Most cost-effective 
light source due to high 
efficiency, long life 
and high lumen 
maintenance. Most 
widely used lamp for 
category V lighting. 
High 
pressure 
mercury 
vapour 
(coated) 
55 12 000 250 400 700 White Good 
Superseded by high 
pressure sodium. Now 
used mostly in 
extensions of existing 
installations. 
Low 
pressure 
sodium 
vapour 
140 10 000 90 135 180 
Mono-
chromatic 
yellow 
Poor 
Not widely used in 
new installations 
mainly due to overall 
cost. Some road safety 
problems in vicinity of 
traffic signals. Use 
favoured near 
astronomical 
observatories. 
Metal 
halide 80 8 000 250 400 White Excellent 
Not favoured on 
overall economic 
grounds. Some 
variations in colour 
appearance maybe 
observed between 
individual lamps. Used 
mainly in specialty 
installations. 
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4.7 Energy Efficiency 
 
4.7.1 Dimming & Switching Off 
 
Dimming and switching off are two strategies that can be used to reduce the 
energy used by public lighting. The Sustainable Public Lighting Toolbox website 
(http://www.iclei.org/index.php?id=6466) lists some interesting trials.  
 
Switching off altogether is more suited to rural or remote locations where lighting 
is provided for amenity rather than for a crime or road crash prevention measure. 
It involves dimming the lighting down or turning it off altogether over certain 
hours. 
 
A study along a highway in Lancashire, the United Kingdom established in 2002, 
is using a dimmable lighting system that is controlled by traffic flow. Three 
lighting levels are used that relate to the number of vehicles on the road at that 
time. They are: 
 
1. > 3000 vehicles per hour = 100% lighting 
2. 1500 – 3000 vehicles per hour = 75% lighting 
3. < 1500 vehicles per hour = 50% lighting 
 
‘Soft’ switching was used in the system so that lighting changes were made 
gradually from one lighting level to the next. This is to allow the drivers eye time 
to adjust adequately. This study achieved a cost saving of 14000 pounds ($31,500 
Aus) per year using the lighting system. It is also estimated that the system has 
been achieving savings of around 145 tonnes of CO2 per year. 
 
There are also other benefits this type of lighting system can achieve in addition to 
reducing energy consumption, greenhouse gas emissions and lighting pollution. It 
also means that other lighting components, such as the lamp, have a longer life 
due to less use. 
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Additional research by the Optometry and Neuroscience Department of the 
University of Manchester Institute of Science and Technology (UMIST) indicates 
significant improvements in driver comfort have been the results of dimming 
lighting levels of the study site. 
 
The Sustainable Public Lighting Toolbox website states that it is also likely that 
general road safety is improved by the system because it reduces ocular stress, 
enabling motorists to remain more alert and reduce the risk of crashes. 
 
4.7.2 Photoelectric Cells 
 
Photoelectric (PE) Cells are used to automatically switch street lights on and off. 
The PE cell senses the ambient light level and can be calibrated to turn on once 
the illumination level drops below a certain level (in Lux) and turn off once light 
levels increase to a certain level. Main Roads and Ergon Energy PE cells switch 
on at 30 -75 Lux and turn off when lighting exceeds 30 Lux. They are designed to 
keep the light turned on if the PE cell fails. There are two sizes of PE cells used in 
Australia. These are shown in Figure 4-6. 
 
 
Figure 4-6  Photoelectric (PE) Cells 
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The larger of the PE cells is the NEMA PE cell. This PE cell is used on main 
roads on the larger luminaires. A PE cell is provided on each luminaire with Rate 
2 lighting tariff installations. For Rate 3 lighting tariff installations the usual 
procedure used by the Queensland Department of Main Roads is to wire a single 
PE cell into a switch which operates multiple luminaires. 
 
The smaller black PE cell is the D2 PE cell and is used on minor roads in the 
operation of the smaller type luminaires. 
 
Both the PE cell sizes come as two different types of PE cell, which have 
markedly differing reliability and performance. There is the thermal/electro-
mechanical type and the electronic type. Sylvania Lighting list the thermal type at 
a price of $49.00 and the electronic type at $79.00 plus GST for both sizes on 
there website (www.sla.net.au). It is said that the thermal type can vary by up to 
10% per year away from their calibrated switching level. This variance is towards 
switching the light on earlier and off later, meaning the light will be burning 
energy when it is not warranted. 
 
PE cells are usually replaced every eight years. The thermal type has gained a 
reputation for failing before the end of this replacement period which has led to 
significant ‘day burning’ problems. On the other hand electronic PE cells are said 
to be more reliable, vary less from their switching level and consume lower 
standby power (power used during daylight hours). 
 
With the thermal type experiencing half the life and almost twice the maintenance 
cost per year to the newer electronic type it seems a logical decision for road 
authorities to be using the more efficient electronic type PE cell which quickly 
saves the extra cost over the purchase price of the thermal type PE cell. 
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4.7.3 The Sylvania Lighting Environ System 
 
Sylvania Lighting produces an Active Reactor High Intensity Discharge (HID) 
lamp controller system (Figure 4-7) for use in luminaires that they manufacture. 
The Active Reactor is an electronic device that uses electronics and built in 
intelligence to start and run HID lamps in a predefined manner. (www.sla.net.au). 
It is used to control the higher wattage lamps in the power range of 150W to 
2000W. The system works on the principal that all current lamps depreciate in 
light output over time and that the minimum rated power of a lamp is around 70% 
when the ballast is turned off.   
 
 
Figure 4-7  Sylvania Lighting Active Reactor System 
 
The Active Reactor system varies the power going into the lamp, so that when the 
lamp is new, low power is needed and it gradually increases the power with lamp 
age to full power for an old lamp. This results in constant light output (flux) 
throughout the life of the lamp. Constant light output cannot be achieved with 
conventional control gear. 
 
Significant lamp life extension and energy savings have been achieved with the 
use of this system. The lamp life is said to typically increase by greater than 50% 
and energy savings of typically 20 – 25% can be achieved with the use of the 
Sylvania Lighting Active Reactor System. 
 
Cost Effectiveness of Street Lighting                                Paul Weis: Q98226396 
32  
4.7.4 Solar Lighting 
 
Solar powered lighting would seem an obvious possible solution to achieving low 
cost lighting with very minimal impact on the environment. The Department of 
Main Roads Road Planning and Design Manual writes that solar lighting is 
generally available using two lamp types: 
 
• Low pressure sodium (SOX) lamps, and  
• Fluorescent lamps. 
 
The manual states that this is an alternative option, for use in locations where 
there is no economical access to the local power grid, to traditional lighting. The 
problem with solar powered lighting for use on major roads is again the need for 
high light output and reliability of which solar lighting is yet to achieve. The 
manual suggests that given the right geometry that this type of lighting may 
possibly achieve Category V5 road lighting levels. It suggests other uses for solar 
lighting including: 
 
• Isolated car parks 
• Isolated rest areas 
• Amenities blocks and 
• “flag” lighting 
 
The use of solar lighting on the section of the Warrego Highway looked at in this 
study, will not be considered under these grounds and because of the fact that 
local power is available in all areas of the study section. 
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5.0 Existing Lighting Analysis 
 
5.1 Subject Area 
 
This project will investigate the suitability of the existing lighting on a section of 
the Warrego Highway, in Toowoomba. The section of the highway studied will be 
from Taylor Street to Charlton Connection Road. 
 
 
Figure 5-1  Locality Map of Study Site 
 
This section of the Highway was chosen because it gives a good representation of 
bordering land use including residential, rural, industrial and commercial. It is 
also bordered by the Toowoomba airport and includes heavily trafficked 
signalised intersections as well as smaller signage controlled T-intersections. 
 
Lighting along the subject site is also of mixed types. There is both central 
median, edge and some overhead type route lighting. The lighting tariff is Rate 2. 
 
Overall this section of highway will give a good representation of lighting types 
and application for use in this study. 
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5.2 Street Lighting Details 
 
The lighting on the Warrego Highway (Taylor St – Charlton Connection Rd) was 
all installed and is now maintained under Rate 2 lighting conditions. This means 
that Main Roads carried out the physical lighting design and paid for its 
installation, while it was installed and is now owned and maintained by the 
electricity supply provider. The electricity supply provider in this case is Ergon 
Energy. 
 
The lighting locations were all taken from ortho-rectified aerial photography 
which gave an accurate account of the site. The aerial photography could not be 
used to account for any other physical aspects of the lighting though. Therefore, 
luminaire type, mounting height, outreach length and lamp wattage were all 
recorded on site. 
 
Table 5-1 lists the lamp types that were recorded on site. 
 
Table 5-1  Lamps recorded on site 
Lamp Type Lamp Wattage No. Found on Site 
80 4 
150 20 
250 161 
HPS 
400 4 
LPS 90 7 
Bollard 80 3 
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5.3 Lighting Design Process 
 
Lighting design can be a complex process, and requires a great deal more effort 
than just placing a light beside the roadway, if a safe environment and an 
appropriate level of lighting for the road users is to be achieved. 
 
In analysing the existing lighting the following lighting design process was 
employed:  
 
a) Obtain road information (e.g. survey data, aerial photos, traffic counts) 
b) Calculate the light category and subcategories, including for the 
intersecting roads, to be assessed against the Australian Standards. 
c) Carry out a site inspection to identify all relevant site details for the road 
lighting design. This included making note of road geometry, special 
features, vegetation and the existing lighting.  
A requirement of AS/NZS 1158.6:2004 is that luminaires are provided 
with visible marking of the lamp type and rating. These values could be 
viewed from the ground and were recorded on site at each lighting 
location.   
d) Determine an appropriate maintenance factor to be applied to light 
outputs, taking into account the lighting location and surrounding land use. 
(Section 5.3.1) 
e) Road and lighting details were input into the STANSHELL program to 
analyse the existing lighting on the straight sections of the Highway 
against the requirements of the Australian Standards. Where LTP 
requirements are not met, suggest improvements. (see Section 5.4.1) 
f) Use the Perfect Lite program and AutoCad to analyse the existing 
intersections of the Highway section against the Australian Standards, 
highlighting any deficiencies.  (Section 5.4.2) 
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5.3.1 Maintenance Factors 
 
5.3.1.1   Lamp Depreciation 
 
Lamps experience a gradual deterioration in light output during their lives which 
is caused by the ageing process and attributed by manufacturing tolerances, 
environmental factors and operating conditions. 
 
The Sustainable Public Lighting Toolbox illustrates this by showing the 
depreciation curves for the different types of lamp available. 
 
 
 
Figure 5-2  Typical Lamp Depreciation Curves 
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5.3.1.2 Luminaire Depreciation 
 
Luminaires also age and deteriorate due to dirt and dust collecting on reflecting 
surfaces, the ingress of insects and moisture through the failure of seals, the loss 
of transparency of the refractor bowl through corrosion and discolouration caused 
by sunlight, heat and the effects of ultra violet light from the lamp itself. (AS/NZS 
1158.1.3:1997) 
 
The severity of fowling is dependant on the luminaire design and the amount of 
pollution the luminaire is exposed to. This fowling can be cleaned from the 
luminaire to regain the light output lost due to the degradation of the luminaire. 
Therefore, a maintenance program needs to be employed based upon site 
conditions and luminaire type so that light levels do not fall below the 
requirements of the Australian Standards. 
 
The Australian Standards give a conservative approach, by applying a 
maintenance factor that accounts for lamp lumen depreciation, luminaire 
depreciation and maintenance regimes to design lamp output values. By doing 
this, the designer is attempting to ensure that the light output, at its lowest before 
maintenance, will still be sufficient to ensure compliance with the required values 
of the standards. 
 
The ingress protection rating of a luminaire affects the maintenance factor that can 
be used. AS/NZS 1158.1.1:2005 gives maximum luminaire maintenance factors 
and an explanation of the different degrees of ingress protection, below. 
 
(a) For IP 5X luminaires : 0.7 
(b) For IP 6X luminaires : 0.8 
 
NOTES: 
1 Using a luminaire with a degree of protection IP 6X and a lower maintenance 
factor than the maximum allowed can allow the legitimate use of longer 
maintenance periods. 
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2 The presence of an X in the designation of the level of IP protection indicates that 
the vale of that digit is not relevant to compliance of the luminaire with the 
applicable requirements. 
3 The second digit of the IP code designates a degree of protection against entry of 
water with harmful effects. 
 
The Australian Standard gives the table below (Table 5-2) where a luminaire 
maintenance factor can be chosen that is applicable to the pollution category and 
luminaire cleaning interval. 
 
 
Table 5-2  Typical Luminaire Maintenance Factors 
 
TYPICAL LUMINAIRE MAINTENANCE FACTORS 
Typical luminaire maintenance factors 
(Notes 1 and 2) 
Pollution category (Note 3) 
Cleaning  
interval 
 
 
months 
High Medium Low 
12 0.89 0.90 0.92 
18 0.87 0.88 0.91 
24 0.84 0.86 0.90 
36 0.76 0.82 0.88 
48 0.66 0.76 0.86 
NOTES: 
1 The effects of lamp lumen depreciation are not included in the luminaire maintenance 
factors. 
2 The typical luminaire maintenance factors are based on an ingress protection rating of 
IP54 in accordance with AS 1939 for the lamp chamber, as required by AS 3771. 
3 High pollution applies for the centres of large urban areas and for heavy industrial 
areas. Medium pollution applies for semi-urban, residential and light industrial areas. 
Low pollution applies for rural areas. 
 
The luminaire maintenance factors used in this study were calculated using 
manufacturer supplied information for the new IP 6X luminaire and not the table 
above. This is explained further in Section 5.4 Computer Modelling. 
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5.4 Computer Modelling 
 
This section details the computer aided design review carried out as part of this 
study. The two main programs used to evaluate the existing lighting design were 
SAA STAN and Perfect Lite. 
 
5.4.1 SAA STAN 
 
As stated within the literature review, a copy of the STANSHELL program is 
provided with the current series of Australian Standards. The shell program allows 
for a user friendly interface for access to the SAA STAN program which 
calculates the LTP’s for straight sections of Category V road. The program 
calculates the Luminance based LTP’s found in Table 2.2 of AS/NZS 1158.1.1 
(Table 4.2). The LTP’s calculated using STANSHELL are: 
 
• Average carriageway luminance ( L ) cd/m2 
• Overall uniformity (UO) 
• Longitudinal uniformity (UL) 
• Threshold increment (TI) 
• Surround verge illuminance (ES) 
 
Once calculated these LTP’s can be assessed against the requirements of Table 
4.2. For compliance with Category V3 lighting, Average carriageway luminance 
needs to be greater than or equal to 0.33. Longitudinal uniformity needs to be 
greater than or equal to 0.5. Threshold increment needs to be less than or equal to 
20 and surround verge illuminance should be greater than or equal to 50. 
 
The first step is to select an appropriate photometric file. A photometric file is a 
representation of the light pattern/footprint produced by a particular luminaire 
with a defined lamp type and wattage. These files are provided by the luminaire 
manufacturer. 
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Main Roads has an SOA with the electricity providers (e.g. Ergon Energy & 
Energex) of Queensland as to what luminaires are to be used for Rate 2 lighting 
tariff installations. The luminaires currently used for Rate 2 lighting installations 
are manufactured by Sylvania Lighting International and use High Pressure 
Sodium (HPS) lamps. The main luminaire types in use being the Roadster SON-T 
and the Roadster SON-T AERO. 
 
The straight sections of lighting or route lighting along the Highway can be 
broken into two distinct sections and required separate analysis in the 
STANSHELL program. The section from Taylor Street to Bridge Street has no 
central median with the lighting poles located within the footpath in a roughly 
staggered type arrangement. The remainder of the route lighting is located within 
a central median on the four lane divided section of the Highway. The section 
with the median lighting also has changing widths of medians and carriageway 
width which will all need to be looked at individually in the STANSHELL 
Program. 
 
The majority of and the newer lighting on this first section are Sylvania 
ROADSTER SON-T AERO type luminaires with 150W HPS lamps. The older 
low pressure sodium lamps were ignored in the analysis as it was assumed that 
these would be replaced with the more efficient HPS lamps if an upgrade was 
carried out. For this analysis all lighting installations were modelled as the 
Sylvania 150W ROADSTER SON-T AERO type luminaire. The aeroscreen 
luminaire was also used keeping in mind the proximity of the Toowoomba airport 
to this section. 
 
The four lane divided section of the Warrego Highway from Tor Street to Banyula 
Drive is a much newer roadway as it is located on the outskirts of the city in a fast 
growing area. This has meant that the lighting along this section is also far newer 
and more consistently spaced than the previous section. The luminaires on the 
Highway here were all Sylvania Roadster 250W SON-T AERO so this was the 
luminaire used in STANSHELL.  
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Figure 5-3 details an example STANSHELL run for the project. 
 
 
 
Figure 5-3  Sample STANSHELL Output 
 
The road file represents the road surface and stores its reflective properties. The 
default road surface data file for Australia was used (cier3.dat). 
 
Lamp flux is the rated initial luminous flux output of the lamp. This data was 
taken from Main Roads data from Sylvania Lighting. (Appendix B) The relevant 
information for both the 150W and 250W luminaires are shown below.  
 
 
 
 
 
 
 
Cost Effectiveness of Street Lighting                                Paul Weis: Q98226396 
42  
 
 
Table 5-3  Luminaire Codes 
Luminaire 
Code 
Luminaire Description Luminous 
Flux (klms) 
I - Table 
2004 Sylvania 150W Roadster SON-T Aero 14.50 98321.cie 
2006 Sylvania 250W Roadster SON-T Aero 28.00 98318.cie 
 
 
As mentioned in section 5.3.1, the maintenance factor is the product of a lamp 
lumen depreciation factor and a luminaire maintenance factor. The Sylvania 
Roadster Luminaire recommended maintenance factors are shown in Appendix C 
and are provided by Main Roads and were calculated using information supplied 
from AS/NZS 1158.1.1:2005 and Sylvania Lighting. This luminaire has an ingress 
protection of IP 66 which requires a maximum maintenance factor of 0.8 be used 
in accordance with Section 2.10 of AS/NZS 1158.1.1:2005. The maintenance 
interval used is 36 months and the pollution category chosen was medium. This 
gave overall maintenance factors for the 150W and 250W luminaires of 0.75 and 
0.77 respectively. This value is under the 0.8 maximum value, so was ok for use. 
 
The upcast angle is the angle by which the luminaire is tilted above the horizontal 
plane. For Main Roads installations the general angle is 5 degrees. 
 
STANSHELL uses eight different standard lighting arrangements in its analysis. 
These are shown in Figure 5-4. For this study the arrangements used are the 
staggered and the central arrangements. 
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Figure 5-4  STANSHELL Standard Lighting Arrangements 
 
The mounting height for luminaires on the staggered section was 10.5m and 12m 
for the central sections. 
 
The road cross section changed slightly over the length of the median divided 
section of the highway, therefore a number of STANSHELL runs had to be 
carried out with the differing carriageway width, median width and overhang 
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distance (the distance the luminaire extends from the kerb over the carriageway) 
found. 
 
Once these parameters were input into STANSHELL a trial and error approach 
was used by differing luminaire spacings until one was found that meets the 
required values of the luminance based LTP’s of the Australian Standards. For 
each section the initial spacing input was around the average to maximum existing 
spacing recorded on site. If it did not meet the standard (in bold) alternative 
spacings, descending in 5m increments, were used until an optimum spacing 
could be found. The optimum spacing would allow the least amount of 
poles/lights be installed whilst still meeting the requirements of the standard. This 
assessment is shown in Table 5-4. 
 
Table 5-4  STANSHELL Output Results 
Required LTP’s (See Table 4-2) 
Road Section Spacing L 
>=0.75
Uo 
>=0.33
UL 
>=0.5 
TI 
<=20 
Esl 
>=50 
Esr 
>=50 
Taylor St – Tor St 30 0.97 0.47 0.91 14.70 79.63 79.63 
Tor St – Greenwattle St 65 0.88 0.33 0.58 11.58 69.23 107.13 
70 0.88 0.34 0.47 12.27 71.56 104.88 
65 0.95 0.36 0.54 11.65 71.56 104.88 
Greenwattle St – 
McDougall St 
67 0.92 0.35 0.51 11.88 71.44 104.71 
70 0.9 0.34 0.46 12.31 71.78 104.72 
65 0.97 0.36 0.54 11.69 71.78 104.72 
McDougall St – 
Boundary St 
67 0.94 0.35 0.51 11.93 71.75 104.91 
60 0.77 0.29 0.63 10.27 68.12 113.77 
55 0.85 0.31 0.67 9.74 68.12 113.77 
Boundary St to Banyula 
Drive 
50 0.93 0.33 0.74 9.25 68.11 113.77 
 
 
It could be then shown that for each section that any spacing above these 
‘optimum’ values would not achieve luminance values in accordance with the 
Australian Standards. 
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In each section the majority of the existing lighting spacings were in accordance 
with what is required to meet the Australian Standard. There were certain 
locations where spacings exceeded the maximum calculated spacings near 
intersections and other obstructions. These were considered acceptable at this 
point, but would be looked at more closely if these locations also corresponded 
with high crash locations. 
 
The Taylor Street to Tor Street section was identified as being the most deficient. 
This is put down to the age of the installation and the fact that overhead power 
lines on both sides of the highway restrict the number of possible locations for 
lighting to be installed. Here spacing between lights is dictated by the location of 
power poles rather than placing an installation in its optimum location.    
 
5.4.2 Perfect Lite 
 
Autocad 2005 was used in conjunction with the Perfect Lite program, by Trevor 
Caswell Software, for the assessment of the remaining LTP’s of Table 2.2 of 
AS/NZS 1158.1.1 of which the SAA STAN program is unable to calculate. These 
LTP’s are illuminance based and are mostly concerned with the lighting of 
intersections / conflict points on Category V roads. 
 
The Perfect Lite program was operated through an interface with Autocad 2005. 
A block is made in Autocad with attributes representing the details of a single 
lighting installation. Input attributes consist of: 
 
• Quantity/number of luminaires at the location 
• Luminaire mounting height 
• Outreach length 
• Luminaire code – These give the unique light footprint for different types 
of lights. These are provided by the manufacturer. Appendix B gives the 
luminaire codes for the applicable luminaires manufactured by Sylvania 
Lighting. 
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• Lamp flux – This is the 100% light output provided by the manufacturer 
with a maintenance factor applied. (See Section 5.3.1)  
 
When called the interface between the two programs opens Perfect Lite which 
assesses the block properties and creates, user selected, lighting contours. These 
contours are then overlayed in the Autocad drawing. 
 
 
Figure 5-5  Sample Perfect Light Output 
 
Figure 5-5 shows a sample set of lighting contours (measured in Lux) produced 
for a single lighting installation. 
 
Perfect Lite combines the theoretical lighting contours for every lighting block in 
the Autocad drawing to produce the overall lighting model. These contours were 
then used to evaluate against the illuminance requirements of the Australian 
Standard. 
 
Appendix D shows the set of plans that detail the lighting contours produced for 
the existing lighting of this section of the Warrego Hwy. The contours shown are 
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the 7.5 and 3.75 Lux lighting levels as these are the required levels for Category V 
lighting as set out in the current AS/NZS 1158.1.1:2005. Any light deficient areas 
could be easily identified from these plots. 
 
For the most part the existing lighting levels produced are in accordance or very 
close to the Australian Standard. With the existing lighting contours drawn the 
data could be compared to the night time crash data of the site to find out if any 
relationships could be found. 
 
5.4.2.1  On-Site Lighting Level Verification 
 
A light meter was used in an attempt to verify the lighting design produced by the 
Perfect Lite program. The light meter (Figure 5-6) used was a hand held device 
borrowed from the University of Southern Queensland and was assumed to be in 
accurate and working condition. Light levels (in Lux) were recorded on site 
during night time hours at a number of locations that could be related to the 
contour location of the computer aided design. The levels recorded throughout 
verified the Perfect Lite contours to within around 1-2 Lux in most cases. The 
differences could be explained through accuracy of the aerial photography used 
and/or age and depreciation of lamps and luminaires.  
 
 
Figure 5-6  Light Meter 
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Also, as the Perfect Lite program does not take into account the presence of 
obstructions to the light emitted such as buildings and vegetation, checks were 
carried out at locations along the site where visible shadowing could be seen. This 
was done to determine the amount of reduction in light levels at these areas. Light 
shadowing from vegetation was recorded at a number of locations along the Tor 
St to Greenwattle St section. No large reductions were found in major conflict 
point areas. This shadowing was kept in mind during the study of night time 
crashes at these locations.    
 
5.5 Crash Statistics 
 
Crash statistics of this section of the Warrego Highway were gathered from Main 
Roads data. The records from up to 15 years ago was considered appropriate for 
use in this study as the majority of the lighting and roadway was as it stands now 
for much of this time. A summary of the crash history of the site is shown in 
Appendix E. The total number of crashes along the length of the Highway section 
grouped into severity are shown below: 
47
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Figure 5-7  Graph of Crash Severity & Frequency 
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The crashes were then broken into night and daytime accidents. Night time was 
judged from meteorological data for Toowoomba. This allowed for the change in 
the number of daylight hours experienced throughout the change in seasons of the 
year.  
 
Figure 5.8 shows a graph of the number of night time crashes along the length of 
the subject section of highway overlayed onto the total number of crashes (both 
day and night) along the highway. The peaks on the graph show the high crash 
areas of the intersections. This is to be expected as intersections have many 
conflict points for vehicles doing any number of movements. The graph also gives 
a visual representation of the percentage of night time crashes to daytime crashes 
at any location along the study site. It revealed locations with high percentages of 
night time crashes. The main sites identified were at through chainages 4.290km 
(Stone Street Intersection), 5.785km (Greenwattle Street Intersection), 9.150km to 
9.500km and 9.82km (Charlton Pinch Road Intersection). 
 
 
 
Figure 5-8  Graph of Night Time Crashes on Total Crashes 
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These identified high night time crash zones could then be analysed more closely 
to see if any savings could be achieved by improved lighting. This analysis is 
detailed in Section 5.6. 
 
Crashes that were recorded before the estimated current lighting was installed 
were not included in the cost benefit analysis of this study. 
 
5.6 Cost Benefit Analysis 
 
To estimate the cost to the public incurred by road crashes along the section of the 
Warrego Highway a costing system was applied to crash severities. The costs 
applied were taken from the Main Roads Risc program. The costing in this 
program is kept current and up to date so was considered acceptable for use. The 
costs applied to each crash severity are shown in Table 5-5 below. 
 
Table 5-5  Estimated Cost to Public of Road Crashes 
CRASH SEVERITY ESTIMATED COST TO PUBLIC 
Property $5808 
Minor Injury $10000 
Moderate Injury $13776 
Hospitalisation $407990 
Fatal $1652994 
 
Once the annual existing crash costs to the public had been predicted a percentage 
reduction was determined using the findings achieved by the International 
Commission on Illumination (CIE) (See Section 4.5). The study findings showed 
a reduction of 13% to 75% in night time crashes with improved lighting. It is a 
well documented study that has been in use for some time so was considered 
appropriate for use. These crash reduction percentages were then translated to 
reduced accident cost and then compared to the estimated costs to upgrade the 
lighting. The identified high night time crash areas of Section 5.5 are analysed in 
detail below. 
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5.6.1 Stone Street and Hanlon Street Intersection 
 
The Stone St/Warrego Hwy Intersection and the Hanlon St/Warrego Hwy 
Intersection are signage controlled and in close vicinity of each other.  This 
section of the Highway was identified as having a high percentage of night time 
crashes to day time crashes. Of the eight total crashes recorded at the intersection 
between 1994 and 2006, five occurred during night time hours. This highlighted 
the location to be analysed more closely.  
 
Using the crash severity costing of Table 5-5, night time crashes at the 
intersections were estimated.  
 
Table 5-6  Estimated Total Cost to Public of Night Time Road Crashes at the Stone St & 
Hanlon St Intersections 
CRASH 
SEVERITY 
COST/CRASH No. OF 
CRASHES 
ESTIMATED 
COST TO PUBLIC
Property $5,808 2 $11,616 
Minor Injury $10,000 0 $0 
Moderate Injury $13,776 2 $27,552 
Hospitalisation $407,990 1 $407,990 
Fatal $1,652,994 0 $0 
  Total = $447,158 
 
This equates to an estimated cost to the public of $34,396.77 per year incurred as 
a result of night time crashes at these combined intersections. This value is 
obtained by dividing the total estimated crash cost by the number of years the 
crash statistics were recorded over. 
 
The intersection is shown in Figure 5.9 together with the lighting contours 
produced by the Perfect Lite program. The hatched areas shown give the locations 
that do not meet the lighting levels required by the Australian Standards. 
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Figure 5-9  Stone St & Hanlon St Intersection Lighting 
 
It can be seen that light deficient areas are very minimal with the intersection 
being compliant with the levels of the Australian Standards for the most part and 
in the major conflict zones. 
 
The lighting at the site uses mostly High Pressure Sodium (HPS) lamps but there 
is also an older Low Pressure Sodium (LPS) lamp just north of Hanlon Street. The 
luminaires used at the intersection are mostly aeroscreen except for one with a 
LPS lamp. To upgrade the lighting to meet the requirements of the Australian 
Standards would require higher wattage lamps be used on the side streets and the 
LPS lamp be upgraded to HPS. No additional poles would be required to be 
installed as part of the upgrade. 
 
The crash rate of this site seemed to be more of an issue with restricted sight 
distance from the side streets due to treed footpaths and the fact that the geometry 
and shape of the intersection as a whole is unusual and could be confusing for 
motorists unfamiliar with the site. Upgrade costs are estimated at $12,550. This 
cost allows for three luminaires to be replaced and upgraded, and includes traffic 
control. The upgrade however is expected to have minimal impact on reducing 
night time crash frequency. 
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5.6.2 Greenwattle Street Intersection 
 
The Greenwattle Street and Warrego Highway intersection borders the 
Toowoomba Airport and is signage controlled. This intersection stood out from 
the start of the study because the central median route lighting stopped short on 
either side of this intersection leaving a gap of 240 metres between successive 
poles. The only lighting at the intersection itself are three bollards. This is 
illustrated in Figure 5-10. At first it was assumed that the intersection was a gap 
between two other upgrade jobs, with the intersection left to be upgraded in the 
future when traffic signals were warranted. The intersection however, lies in a 
direct flight path to a second grassed runway at the airport and this has placed 
height restrictions on buildings and other structures within the path. The height 
restrictions mean that the only lighting systems for use are the bollard type or 
other low to the ground option. One accident recorded was even reported to have 
occurred because of a landing plane flying at almost vehicle height across the 
intersection, which illustrates the height situation perfectly.   
 
 
Figure 5-10  Greenwattle St Intersection Lighting 
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The intersection has a total of eighteen recorded crashes between 1992 and 2006. 
The Department of Main Roads records show that the current road lighting at the 
intersection was designed in 1996. In analysing this intersection any crashes 
recorded before 1996 were therefore considered not relevant to this study. This 
reduced the total crashes analysed to seventeen, nine of which were considered as 
night time crashes. The night time estimated crash costs to the public are tabulated 
below. 
 
Table 5-7  Estimated Total Cost to Public of Night Time Road Crashes at the Greenwattle St 
Intersection 
CRASH 
SEVERITY 
COST/CRASH No. OF 
CRASHES 
ESTIMATED 
COST TO PUBLIC
Property $5,808 2 $11,616 
Minor Injury $10,000 2 $20,000 
Moderate Injury $13,776 3 $41,328 
Hospitalisation $407,990 2 $815,980 
Fatal $1,652,994 0 $0 
  Total = $888,924 
 
The total estimated night time crash costs to the public averaged out over the 11 
year period from 1996 to 2007 at this intersection gives an annual cost of 
$80,811.25. This figure is quite high due to the two hospitalisations that occurred 
over this time. 
 
The lighting contours show that there is a large ‘dark spot’ between the two 
sections of the route lighting with the three bollards in the intersection only 
producing a small amount of light.  
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Figure 5-11  Bollard Type Lighting Installation 
 
Also, the height of the bollards themselves leaves the lamp almost at the driver’s 
eye height. This was not considered as a huge distraction to the driver at first 
because it was assumed that the bollards would reflect the majority of their light 
downward to the road surface. The on site recordings with the light meter as well 
as driving the intersection at night found that a large amount of light travels in a 
horizontal direction from the bollards that could be quite distracting. Even so, 
there was no crash data found that reported the bollards to be a contributing factor 
to the crash. The deficiencies in lighting levels to those set out in the Australian 
Standards found at the intersection are shown in Figure 5-10.  
 
The height restrictions imposed at the site do not leave a lot of options to attempt 
to achieve compliance with the Australian Standard. There may be some benefit 
in investigating the newer bollard type lighting arrangements available and there 
are a number of studies being undertaken using lighting on the pavement (similar 
to raised pavement markers but produce their own light) that may give some night 
time visibility improvement. For the purposes of estimating an upgrade cost, this 
study will assume no height restrictions. It is estimated that three additional poles 
with a total of five new lights would need to be installed to achieve the lighting 
levels set out in the Australian Standards. This proposed new lighting is shown in 
Figure 5-12.  
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Figure 5-12  Proposed Lighting Upgrades - Greenwattle St 
 
The breakdown of costs are shown below in Table 5-8. Prices are estimated from 
recent Main Roads projects with similar items and are supply and install costs. 
The costs are considered to be quite conservative. 
 
Table 5-8  Estimated Lighting Upgrade Costs -  Greenwattle St Intersection 
Item Units Quantity Unit Rate Amount 
Design Lump Sum - - $3,000 
Road lighting pole, 
footing, single outreach 
& luminaire.  
each 1 $5,600 $5,600 
Road lighting pole, 
footing, double outreach 
& luminaires. 
each 3 $7,100 $21,300 
Cabling & Conduit m 260 $90 $23,400 
Pits each 4 $700 $2,800 
Traffic Control Lump Sum - - $20,000 
   Total = $76,100 
 
These prices would also incur an additional cost of approximately $164 per year 
& luminaire for Ergon Energy to supply the lighting. 
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Using the predicted percentage savings of 13% to 75% per year of the European 
Study, it is estimated that savings of $10,505.47 and $60,608.45 per year could be 
achieved with improved lighting at the intersection. The higher end of the 
estimated annual savings in crash cost with improved lighting are only just short 
of the total installation cost. Therefore it could be possible to pay for the 
installation in a short amount of time if these savings were reflected in reality. 
 
5.6.3 Charlton Pinch Road Intersection 
 
Charlton Pinch Road is located approximately 4km outside of Toowoomba, and is 
just past Gowrie Junction Road. The intersection is a signage controlled T-
intersection. Traffic volumes on Charlton Pinch Road are very low. The two 
intersections are only 160m apart. There is intersection lighting at the Gowrie 
Junction Road intersection. This lighting ends 90m before Charlton Pinch Road. 
Figure 5-13 illustrates the situation. 
 
 
Figure 5-13  Charlton Pinch Rd Intersection Lighting 
 
All of the four crashes reported at the intersection were considered to be night 
time crashes. The crashes are broken into severity and the cost to the public are 
predicted below. The annual costs were calculated over a ten year period from the 
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first reported crash in 1997 to the last recorded year of 2006. This produced an 
average annual night time crash cost to the public of $43,338.20. 
 
Table 5-9  Estimated Total Cost to Public of Night Time Road Crashes at the Charlton Pinch 
Rd Intersection 
CRASH 
SEVERITY 
COST/CRASH No. OF 
CRASHES 
ESTIMATED 
COST TO PUBLIC
Property $5,808 2 $11,616 
Minor Injury $10,000 0 $0 
Moderate Injury $13,776 1 $13,776 
Hospitalisation $407,990 1 $407,990 
Fatal $1,652,994 0 $0 
  Total = $433,382 
 
The lighting contours (Figure 5-13) show that drivers approaching from the east 
along the Warrego Highway travel through the lit Gowrie Junction Road 
intersection into the darkness of Charlton Pinch Road. The driver would be 
expecting that they have passed through the conflict point when in fact they are 
entering straight back into another one. The transition distance between the end of 
the lighting to Charlton Pinch Road is a very short time for the human eye to 
adjust from light to dark also, and this could be a contributor to the night time 
accidents of the site. On the other hand drivers approaching from the west on the 
Warrego Highway may not be aware of the conflict point at Charlton Pinch Road 
and would rather have their attention focussed on the lit Gowrie Junction Road 
Intersection ahead. The installation of lighting at the Charlton Pinch Road 
intersection could help alleviate these predicted night time crash risks. 
 
The traffic volumes at the Charlton Pinch Road are not significant enough to 
warrant full intersection lighting. The traffic volumes would suggest that only a 
single light or ‘flag light’ to highlight to the driver that there is a conflict point 
would be sufficient. However, it is the writer’s view that because of the close 
proximity of the Gowrie Junction Road intersection there may be more benefit in 
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extending the existing intersection lighting to Charlton Pinch Road to ensure that 
no ‘dark spots’ are left between the lighting of both intersections. The proposed 
upgraded lighting is shown in Figure 5-14 and is expected to cost around $47,100. 
 
 
Figure 5-14  Proposed Lighting Upgrades - Charlton Pinch Rd 
 
Table 5-10  Estimated Lighting Upgrade Costs -  Charlton Pinch Rd Intersection 
Item Units Quantity Unit Rate Amount 
Design Lump Sum - - $2,000 
Road lighting pole, 
footing, single outreach 
& luminaire.  
each 3 $5,600 $16,800 
Cabling & Conduit m 180 $90 $16,200 
Pits each 3 $700 $2,100 
Traffic Control Lump Sum - - $10,000 
   Total = $47,100 
 
Again, these cost would incur the annual lighting supply charge to Ergon Energy. 
 
The expected reduction in annual crash costs is estimated to be in the range of 
$5,633.97 and $32,503.65. Therefore, the cost savings that could be achieved by 
reduced crashes could quickly pay for the lighting upgrade costs at the 
intersection. 
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5.6.4 Energy Efficient Options 
 
The literature study of lamp types found that for the higher wattages required on 
this Category (V3) of road that the HPS lamp is the most reliable and efficient 
lamp available and has been for some time. It is on this basis that HPS lamps were 
chosen to model the proposed upgraded lighting of Section 5.6. 
 
The existing lighting on the section of highway studied is already predominantly 
HPS lamps apart from the few LPS lamps on the older section of road between 
Taylor Street and Tor Street. It is envisaged that these LPS lamps will be 
gradually phased out through maintenance and upgrades of lighting through this 
section. There does not seem to be any problems with LPS lighting levels 
contributing to night time crashes where they are situated and their small number 
would mean that minimal energy savings would be achieved with their 
replacement. It is therefore not considered a high priority for there upgrade.   
 
Of the other energy efficient options of Section 4.7 there seems some merit in the 
use of electronic PE cells and any thermal type PE cells still in use should be 
replaced with the electronic type through the standard maintenance cycle. Main 
Roads (Toowoomba) and Ergon Energy both currently use the electronic type PE 
cell on new installations. 
 
The Sylvania Lighting Environ System is a simple invention that can achieve 
good energy savings. The implementation of this system on Queensland’s Main 
Roads lighting network could mean large savings to the public and would seem to 
be a good option for lighting on state controlled roads. 
 
The pressures on road authority’s including local council’s to find more energy 
efficient lighting options is driving the large amount of research into new and 
more efficient systems. There is much progress being made that has only made it 
to the lower wattage applications at present. The high wattages needed for the 
Category V lighting schemes cannot be achieved by most of the new energy 
efficient lamps coming into the market at the moment, but it is only a matter of 
time before this should be possible. 
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6.0 Conclusions 
 
The major difficulty with putting forward a legitimate case to suggest that 
upgrading existing lighting to the Australian Standards will give a noticeable 
benefit with regard to reducing costs associated with road crashes is because of 
the difficulty in determining the reason for the crashes. For example: whether the 
crashes are related to some other factor such as location, the drivers themselves or 
the physical road geometry. This is evident in the cost benefit analysis with 
intersections coming up as having high night time crashes also having lighting at a 
level very close to the requirements of the Australian Standards.  
 
Also, the detail of crash reports often may not pick up or record lighting 
deficiencies adequately as a contributor to a crash, but rather seem to focus more 
on driver faults. This could easily occur at locations where lighting is provided, 
but is not in accordance with the Australian Standards. In this regard, the lighting 
levels may not be beneficial to the drivers eye by it is ‘there’ and hence it is not 
recorded as a crash contributor. This all makes it difficult to pinpoint lighting as a 
major contributor to the night time crash frequency at a specific location. 
 
The summarised findings of the cost benefit analysis of the locations along the 
study site that were identified as having high night time crash rates and lighting 
deficiencies are shown below. The predicted percentage savings were estimated 
from information contained in Appendix C of AS/NZS 1158.1.3:1997. 
 
 
 
 
 
 
 
 
Cost Effectiveness of Street Lighting                                Paul Weis: Q98226396 
62  
 
Table 6-1  Summary of Cost Benefit Analysis 
Location 
Existing Annual 
Crash Cost 
Estimated 
Upgrade Costs 
Predicted Annual 
Crash Savings  
Stone St 
Intersection 
$34,396.77 $12,550 Minimal 
Greenwattle St 
Intersection 
$80,811.25 $76,100 $10,505.47 - $60,608.45 
Charlton Pinch Rd 
Intersection 
$43,338.20 $47100 $5,633.97 - $32,503.65 
Note: Costs do not include annual energy charges 
 
The findings show that it may be possible to achieve night time crash savings to 
cover the install costs of the proposed upgraded lighting for the Greenwattle Street 
and Charlton Pinch Road Intersections in a short period of time. In this regard, if 
we look at the savings over a 10 year period, even if savings at the lower end of 
the scale could be achieved they would more than pay for the proposed upgraded 
lighting. 
  
The study found that crash costs to the public used for crash severities of 
Hospitalisations and Fatalities are quite high. Night time crashes of these 
severities at a location can quickly push the results strongly in the favour of 
upgrading lighting if deficiencies are found. This situation could occur even if 
there had only been one crash of this order of severity reported over a 10 year 
period.  
 
This all means that a lot of judgement on the part of the designer is required as to 
what information should be included in an existing lighting analysis and what 
should be excluded. 
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All intersections or conflict points on a road with night time traffic are going to 
experience some night time crashes. Even with lighting to the levels of the 
Australian Standards some night time crashes are inevitable. Separating the 
effects of lighting on crashes that occur is the greatest challenge in predicting any 
possible cost benefits that may be achieved. Hence, the reason for the broad 
percentage savings in crash costs used in this study.  
 
All intersections identified as having a high percentage of night time crashes were 
all signage controlled intersections. The signalised intersections of the study site 
did not appear to have the same problem with night time crashes even though they 
experience a greater amount of traffic. 
 
 
Even so, this study demonstrates that on this section of the Warrego Highway that 
a relationship could be found between lighting levels and night time crash rates. 
Of all the sites identified from the crash statistics as having a high percentage of 
night time crash rates all were shown to be in some way deficient for lighting to 
the levels set out in the Australian Standards. It is in estimating the savings that 
may be achieved by improved lighting that poses the greatest difficulty. 
 
In conclusion, the study cannot give a definitive answer as to which way to go in 
terms of whether upgrading existing lighting to the new standard will produce any 
benefit but gives a good problem solving process for the possible identification of 
night time crash black spots that then need to be each looked at on an individual 
basis.  
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7.0 Further Study 
 
The cost savings outlined in this study are only predicted amounts. If possible, it 
would be good to carry out the proposed lighting upgrades to see if the predicted 
savings matched actual savings achieved. A study could be carried out of the 
whole of Queensland’s roads network and a more accurate prediction system be 
produced.  
 
The Department of Main Roads do very few sole lighting upgrade works. 
Lighting is usually part of a total upgrade package and included as a result of 
geometric road upgrade works. This makes it very difficult to separate savings in 
reduced crash costs due to the upgraded lighting. If this way of doing things could 
be changed for the purposes of the study outlined above the results achieved 
would give a true representation of the benefits, if any, which could be achieved. 
 
The original project methodology stated that the crime statistics of the study site 
were to be studied to see if a relationship between crime and lighting levels could 
be found. This was found to be impossible. Crime statistics could only be 
obtained from the Police on a district wide basis. The information available was 
not detailed enough to give usable statistics along the study section of the 
Warrego Highway, so it was therefore considered that this would not be studied as 
part of this project. The relationship between lighting and crime would need to be 
studied on another section of road where appropriate crime statistics were 
available. 
 
 
 
 
 
 
 
Cost Effectiveness of Street Lighting                                Paul Weis: Q98226396 
65  
8.0 List of References 
 
 
1. ACT Department of Territory and Municipal Services. Viewed on 3 May 
2007  http://www.tams.act.gov.au 
2. Airport Operators Association & General Aviation Awareness Council. 
Viewed on 3 May 2007 www.aoa.org.uk 
3. Australian/New Zealand Standard 2005, Lighting for roads and public 
spaces: Part 0: Introduction, AS/NZ 1158.0:2005, Sydney, Standards 
Australia. 
4. Australian/New Zealand Standard 2005, Lighting for roads and public 
spaces: Part 1.1: Vehicular traffic (Category V) lighting – Performance and 
design requirements, AS/NZS 1158.1.1:2005, Sydney, Standards Australia. 
5. Australian/New Zealand Standard 1997, Road lighting: Part 1.3: Vehicular 
traffic (Category V) lighting – Guide to design, installation, operation and 
maintenance, AS/NZS 1158.1.3:1997, Sydney, Standards Australia. 
6. Australian/New Zealand Standard 2005, Road lighting: Part 3.1: Pedestrian 
area (Category P) lighting – Performance and design requirements, AS/NZS 
1158.3.1:2005, Sydney, Standards Australia. 
7. Australian/New Zealand Standard 2005, Lighting for roads and public 
spaces: Part 2: Computer procedures for the calculation of light technical 
parameters for Category V and Category P lighting, AS/NZ 1158.2:2005, 
Sydney, Standards Australia. 
8. Australian Standard 1987, SAA Public Lighting Code: Part 4: 
Supplementary lighting at pedestrian crossings, AS 1158.4-1987, 
Homebush, Standards Australia.   
9. Australian/New Zealand Standard 2004, Lighting for roads and public 
spaces: Part 6: Luminaires, AS/NZS 1158.6:2004, Sydney, Standards 
Australia. 
10. Austroads 2004, Guide to Traffic Engineering Practice, Part 12 – Roadway 
Lighting, Austroads Inc., Sydney. 
Cost Effectiveness of Street Lighting                                Paul Weis: Q98226396 
66  
11. Department of Main Roads 2004, Road Planning and Design Manual, 
Chapter 17 – Lighting, Department of Main Roads, Queensland. 
12. Brown, P, Sustainable Public Lighting: The current state of play & future 
developments, Nillumbik Shire Council, Victoria 
13. Bureau of Meteorology. Viewed on 27 July 2007 www.bom.gov.au 
14. Burrage, S, Road Lighting – From Concepts to Design. 
15. Civil Aviation Safety Authority (CASA). Viewed on 3 May 2007 
www.casa.gov.au  
16. Cost Effectiveness of Suburban Street Lighting (January 2006), Jason 
Fowler, USQ. 
17. Cost Effectiveness of Suburban Street Lighting (October 2006), Ricky Luke, 
USQ. 
18. Department of Main Roads 2004, Standard Drawings Roads, Department of 
Main Roads, Queensland. 
19. Department of Main Roads 1999, Standard Specifications Roads, Third Edn, 
Department of Main Roads, Queensland. 
20. Fisher, A.J. 1989, Road Lighting as an Accident Counter-Measure in 1989, 
Illuminating Engineering Society of New Zealand, Auckland. 
21. Jackett, M.J. (October 1994), Road Lighting in New Zealand, Land 
Transport Safety Authority, Wellington. 
22. Sabey, BE & Johnson, HD 1973, Road Lighting and accidents: before and 
after studies on trunk road sites, Transport and Road Research Laboratory, 
Berkshire.  
23. SAI Global 2005, Training – Lighting for roads and public spaces, SAI 
Global Limited, Australia. 
24. Sustainable Public Lighting Toolbox. Viewed on 5 June 2007 
http://www.iclei.org/index.php?id=6466 
25. Sylvania Lighting Australasia. Viewed on 3 August 2007 www.sla.net.au 
 
 
 
Cost Effectiveness of Street Lighting                                Paul Weis: Q98226396 
67  
9.0 Appendices 
 
 
Appendix A: Project Specification 
 
 
Appendix B: Luminaire Codes 
 
 
Appendix C: Sylvania Lighting Maintenance Factors 
 
 
Appendix D: Lighting Plans 
 
 
Appendix E: Road Crash Data 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Cost Effectiveness of Street Lighting                                Paul Weis: Q98226396 
68  
Appendix A 
 
 
 
 
 
 
 
 
PROJECT SPECIFICATION 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Cost Effectiveness of Street Lighting                                Paul Weis: Q98226396 
69  
Appendix B 
 
 
 
 
 
 
 
 
LUMINAIRE CODES 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Cost Effectiveness of Street Lighting                                Paul Weis: Q98226396 
70  
Appendix C 
 
 
 
 
 
 
 
 
SYLVANIA LIGHTING  
MAINTENANCE FACTORS  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Cost Effectiveness of Street Lighting                                Paul Weis: Q98226396 
71  
Appendix D 
 
 
 
 
 
 
 
 
LIGHTING PLANS  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Cost Effectiveness of Street Lighting                                Paul Weis: Q98226396 
72  
Appendix E 
 
 
 
 
 
 
 
 
ROAD CRASH DATA 
 























Road Crash 2
CRASH LISTING REPORT
Page 10 of Printed on 17-May-2007  at  07:04C2LIST2 23
18BRoad Section Toowoomba - Dalby
20040024744
20040025655
20050002991
20050009429
20050014363
20050021117
20050033063
20060004435
930026278
20010012365
20010020991
20050016329
930022667
970001676
20030016071
20050019426
20050032335
20060011134
960028616
20600050348
20050011522
940008283
960013599
Crash No.
28-SEP-2004
06-OCT-2004
07-FEB-2005
18-APR-2005
11-JUN-2005
24-AUG-2005
29-DEC-2005
21-FEB-2006
29-NOV-1993
03-JUN-2001
07-SEP-2001
03-JUL-2005
16-OCT-1993
24-JAN-1997
03-JUL-2003
05-AUG-2005
20-DEC-2005
06-MAY-2006
04-DEC-1996
17-AUG-2006
11-MAY-2005
16-APR-1994
12-JUN-1996
Date
Tue
Wed
Mon
Mon
Sat
Wed
Thu
Tue
Mon
Sun
Fri
Sun
Sat
Fri
Thu
Fri
Tue
Sat
Wed
Thu
Wed
Sat
Wed
Day
10
13
17
08
11
13
12
17
20
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16
11
16
13
12
16
16
21
16
16
17
19
20
Hour
202
202
202
202
202
202
202
202
900
703
306
301
303
301
307
102
404
703
303
102
301
700
003
Dca
S
N
N
S
S
N
S
S
N
S
S
S
S
S
E
E
N
N
W
N
N
E
Key
Prop
Prop
Treat
Prop
Treat
Treat
Prop
Inj
Prop
Inj
Treat
Treat
Prop
Prop
Treat
Prop
Inj
Prop
Prop
Prop
Treat
Prop
Treat
Seve
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
Fatal
10
10
10
10
10
10
10
10
99
99
99
99
11
99
99
11
11
99
11
11
99
11
10
Feature Vehicle 1
Utility, Panel 
Car, Station W
Motor Cycle
Car, Station W
Car, Station W
Motor Cycle
Car, Station W
Car, Station W
Utility, Panel 
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Utility, Panel 
4-Wheel Driv
4-Wheel Driv
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
4-Wheel Driv
Car, Station W
Car, Station W
Articulated Ve
Car, Station W
4-Wheel Driv
Car, Station W
Car, Station W
Car, Station W
Utility, Panel 
Car, Station W
Pedestrian
Toowoomba - Cecil P
Taylor St
Taylor St
Taylor St
Taylor St
Taylor St
Taylor St
Toowoomba - Cecil P
Tor St
Warrego Hwy
Warrego Hwy
Warrego Hwy
Dalmeny St               
Warrego Hwy
Tor St
Dalmeny St               
Pottinger St             
Warrego Hwy
Tor St
Victory St            
Warrego Hwy
Stone St            
Stone St            
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Tor St
Warrego Hwy
Warrego Hwy
Victory St            
Warrego Hwy
Tor St
Tor St
70
70
70
70
70
70
70
70
429
429
429
430
432
433
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.060
 0.060
 0.080
 0.200
 0.260
 0.260
 0.260
 0.260
 0.300
 0.330
 0.440
 0.440
 0.540
 0.550
 0.550
 3.740
 3.740
 3.740
 3.740
 3.740
 3.740
 3.740
 3.740
 3.800
 3.800
 3.820
 3.940
 4.000
 4.000
 4.000
 4.000
 4.040
 4.070
 4.180
 4.180
 4.280
 4.290
 4.290
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980015124
20020021498
20030010354
960027939
960021505
930008082
20000021112
970012349
920018982
930004664
970000597
970002285
970015358
970017107
970018863
970020656
970028575
980002504
980008516
980010472
980011286
980016678
990002956
Crash No.
14-JUL-1998
26-JUL-2002
01-MAY-2003
26-NOV-1996
10-SEP-1996
20-APR-1993
29-SEP-2000
08-JUN-1997
13-AUG-1992
03-MAR-1993
10-JAN-1997
31-JAN-1997
16-JUL-1997
05-AUG-1997
28-AUG-1997
19-SEP-1997
22-DEC-1997
06-FEB-1998
24-APR-1998
19-MAY-1998
29-MAY-1998
03-AUG-1998
11-FEB-1999
Date
Tue
Fri
Thu
Tue
Tue
Tue
Fri
Sun
Thu
Wed
Fri
Fri
Wed
Tue
Thu
Fri
Mon
Fri
Fri
Tue
Fri
Mon
Thu
Day
18
18
15
20
10
09
13
00
16
08
12
19
11
15
07
17
13
10
18
11
08
11
13
Hour
202
303
104
303
301
202
004
703
202
202
202
202
202
001
001
202
101
302
101
202
202
202
202
Dca
S
S
S
S
E
S
S
E
E
E
E
E
N
E
E
N
E
W
E
N
E
E
E
Key
Prop
Treat
Hosp
Hosp
Prop
Hosp
Hosp
Prop
Prop
Prop
Prop
Prop
Inj
Inj
Hosp
Treat
Prop
Prop
Prop
Prop
Treat
Prop
Treat
Seve
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
Fatal
11
11
10
99
99
11
99
99
10
10
10
10
10
11
11
10
10
11
10
10
10
10
10
Feature Vehicle 1
Car, Station W
Car, Station W
Bicycle
Car, Station W
Car, Station W
Utility, Panel 
Car, Station W
Utility, Panel 
Car, Station W
Utility, Panel 
Utility, Panel 
Utility, Panel 
Utility, Panel 
Omnibus
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Utility, Panel 
Car, Station W
Car, Station W
Utility, Panel 
Car, Station W
Pedestrian
Car, Station W
Utility, Panel 
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Pedestrian
Pedestrian
Car, Station W
Truck
Utility, Panel 
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Stone St            
Stone St            
Stone St            
Tor St
Warrego Hwy
Tor St
Warrego Hwy
Warrego Hwy
Bridge St
Bridge St
Bridge St
Bridge St
Tor St
Bridge St
Bridge St
Bridge St
Tor St
Warrego Hwy
Tor St
Bridge St
Bridge St
Bridge St
Tor St
Warrego Hwy
Tor St
Warrego Hwy
Tyack St            
Tor St
Tor St
Tor St
Tor St
Warrego Hwy
Warrego Hwy
Warrego Hwy
Tor St
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Tor St
Warrego Hwy
Warrego Hwy
433
433
533
313
313
313
313
313
313
313
313
313
313
313
313
313
313
313
1
1
1
1
1
1
1
1
3
3
3
3
2
3
3
2
3
2
3
2
3
3
3
5
5
5
5
5
5
5
5
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
 0.550
 0.550
 0.550
 0.580
 0.590
 0.670
 0.680
 0.752
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 4.290
 4.290
 4.290
 4.320
 4.330
 4.410
 4.420
 4.492
 4.520
 4.520
 4.520
 4.520
 4.520
 4.520
 4.520
 4.520
 4.520
 4.520
 4.520
 4.520
 4.520
 4.520
 4.520
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990003674
990005562
990009375
990016876
990019962
990022316
20000000976
20000003426
20000008063
20000020118
20000024671
20010003795
20010009476
20010016712
20010018459
20010020234
20010024294
20020005863
20020007351
20020011837
20020012384
20020012620
20020012779
Crash No.
20-FEB-1999
10-MAR-1999
07-MAY-1999
08-AUG-1999
16-SEP-1999
15-OCT-1999
16-JAN-2000
19-FEB-2000
16-APR-2000
15-SEP-2000
14-NOV-2000
19-FEB-2001
30-APR-2001
21-JUL-2001
10-AUG-2001
30-AUG-2001
15-OCT-2001
12-MAR-2002
28-MAR-2002
17-MAY-2002
06-NOV-2001
26-MAY-2002
28-MAY-2002
Date
Sat
Wed
Fri
Sun
Thu
Fri
Sun
Sat
Sun
Fri
Tue
Mon
Mon
Sat
Fri
Thu
Mon
Tue
Thu
Fri
Tue
Sun
Tue
Day
22
08
18
16
14
16
12
12
08
07
20
07
07
16
11
10
08
15
08
15
11
07
10
Hour
202
302
202
101
202
001
202
202
202
202
103
408
101
202
202
302
202
302
101
202
302
101
202
Dca
N
N
N
S
E
N
E
E
E
E
E
W
N
E
E
N
E
N
N
E
N
E
E
Key
Prop
Prop
Prop
Hosp
Prop
Hosp
Treat
Prop
Hosp
Prop
Prop
Inj
Hosp
Treat
Treat
Prop
Treat
Prop
Treat
Treat
Treat
Prop
Prop
Seve
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
Fatal
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
11
10
10
10
10
11
10
10
Feature Vehicle 1
Car, Station W
Utility, Panel 
Car, Station W
Car, Station W
Utility, Panel 
Car, Station W
Car, Station W
Car, Station W
Utility, Panel 
Car, Station W
Car, Station W
Bicycle
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
4-Wheel Driv
Car, Station W
Car, Station W
Car, Station W
Utility, Panel 
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Pedestrian
Utility, Panel 
Car, Station W
Car, Station W
Utility, Panel 
Car, Station W
Car, Station W
Utility, Panel 
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Utility, Panel 
Utility, Panel 
Car, Station W
Car, Station W
Tor St
Bridge St
Tor St
Bridge St
Bridge St
Bridge St
Tor St
Tor St
Bridge St
Bridge St
Tor St
Bridge St
Bridge St
Bridge St
Bridge St
Bridge St
Bridge St
Bridge St
Tor St
Bridge St
Bridge St
Tor St
Bridge St
Warrego Hwy
Tor St
Warrego Hwy
Tor St
Tor St
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Tor St
Warrego Hwy
Tor St
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
313
313
313
313
313
313
313
313
313
313
313
313
313
313
313
313
313
313
313
313
313
313
313
2
2
2
3
3
2
3
3
3
3
3
2
2
3
3
2
3
2
2
3
2
3
3
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 4.520
 4.520
 4.520
 4.520
 4.520
 4.520
 4.520
 4.520
 4.520
 4.520
 4.520
 4.520
 4.520
 4.520
 4.520
 4.520
 4.520
 4.520
 4.520
 4.520
 4.520
 4.520
 4.520
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20020012795
20020014478
20020015811
20020015884
20020016174
20020021456
20020031138
20030002293
20030012270
20030031219
20030031849
20040001524
20040003628
20040006798
20040010870
20040017466
20040031665
20050004601
20050004643
20050005077
20050012291
20050020167
20050021992
Crash No.
28-MAY-2002
14-JUN-2002
30-JUN-2002
01-JUL-2002
04-JUL-2002
28-AUG-2002
16-DEC-2002
31-JAN-2003
23-MAY-2003
13-DEC-2003
23-SEP-2003
19-JAN-2004
11-FEB-2004
16-MAR-2004
30-APR-2004
13-JUL-2004
09-DEC-2004
24-FEB-2005
25-FEB-2005
02-MAR-2005
14-MAY-2005
16-JUL-2005
02-SEP-2005
Date
Tue
Fri
Sun
Mon
Thu
Wed
Mon
Fri
Fri
Sat
Tue
Mon
Wed
Tue
Fri
Tue
Thu
Thu
Fri
Wed
Sat
Sat
Fri
Day
18
12
12
10
15
16
10
07
19
20
12
08
19
18
10
08
19
17
06
08
07
14
13
Hour
202
302
101
202
302
202
202
302
202
202
202
708
101
302
202
302
202
101
101
302
101
302
202
Dca
S
N
W
E
N
E
W
N
E
W
E
N
E
N
E
N
S
N
N
N
N
N
E
Key
Prop
Treat
Prop
Prop
Treat
Prop
Prop
Prop
Prop
Treat
Prop
Prop
Inj
Prop
Treat
Hosp
Hosp
Treat
Prop
Treat
Treat
Inj
Prop
Seve
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
Fatal
10
10
10
10
10
10
10
11
11
10
10
10
10
11
10
11
10
10
10
10
10
11
10
Feature Vehicle 1
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
4-Wheel Driv
4-Wheel Driv
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
4-Wheel Driv
Car, Station W
4-Wheel Driv
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
4-Wheel Driv
Car, Station W
Car, Station W
Car, Station W
4-Wheel Driv
Car, Station W
Car, Station W
Car, Station W
Truck
Car, Station W
Utility, Panel 
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Utility, Panel 
4-Wheel Driv
Tor St
Bridge St
Bridge St
Bridge St
Bridge St
Bridge St
Bridge St
Bridge St
Mcgregor St              
Bridge St
Bridge St
Bridge St
Tor St
Bridge St
Bridge St
Bridge St
Tor St
Bridge St
Bridge St
Bridge St
Bridge St
Warrego Hwy
Bridge St
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Tor St
Tor St
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
313
313
313
313
313
313
313
313
313
313
313
313
313
313
313
313
313
313
313
313
313
313
2
2
2
3
2
2
2
1
3
2
3
2
3
3
3
2
2
2
2
2
3
2
2
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 4.520
 4.520
 4.520
 4.520
 4.520
 4.520
 4.520
 4.520
 4.520
 4.520
 4.520
 4.520
 4.520
 4.520
 4.520
 4.520
 4.520
 4.520
 4.520
 4.520
 4.520
 4.520
 4.520
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20050025105
20050030043
20050033247
20060010744
20060012652
20060013874
20060014776
20060015491
20600009221
20600051282
20600055945
20600071578
20600078063
20600082414
20600090939
20020006185
20600057682
990004431
20010015100
990024419
970010739
980025481
980026675
Crash No.
07-OCT-2005
28-NOV-2005
31-DEC-2005
03-MAY-2006
18-MAY-2006
10-JUN-2006
23-JUN-2006
05-JUL-2006
26-MAY-2006
19-AUG-2006
28-AUG-2006
26-SEP-2006
08-OCT-2006
16-OCT-2006
01-NOV-2006
16-MAR-2002
01-SEP-2006
22-FEB-1999
08-JUN-2001
10-NOV-1999
18-MAY-1997
21-NOV-1998
21-NOV-1998
Date
Fri
Mon
Sat
Wed
Thu
Sat
Fri
Wed
Fri
Sat
Mon
Tue
Sun
Mon
Wed
Sat
Fri
Mon
Fri
Wed
Sun
Sat
Sat
Day
12
11
19
17
18
00
14
12
18
12
17
12
15
07
07
10
08
10
16
22
17
10
10
Hour
202
202
202
202
202
703
202
302
202
708
302
302
302
302
101
301
104
301
301
708
301
301
301
Dca
S
E
S
E
S
W
W
N
S
S
N
N
N
N
W
E
S
E
W
E
E
E
E
Key
Treat
Prop
Prop
Prop
Prop
Prop
Prop
Prop
Prop
Inj
Treat
Prop
Treat
Prop
Inj
Prop
Inj
Prop
Inj
Hosp
Prop
Prop
Prop
Seve
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
Fatal
10
10
10
10
10
10
10
10
10
10
11
11
11
10
10
11
11
99
99
99
11
11
11
Feature Vehicle 1
Car, Station W
4-Wheel Driv
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Utility, Panel 
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Utility, Panel 
Car, Station W
Car, Station W
Utility, Panel 
Utility, Panel 
Truck
Car, Station W
Car, Station W
Utility, Panel 
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Utility, Panel 
Utility, Panel 
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Utility, Panel 
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Bridge St
Bridge St
Tor St
Bridge St
Tor St
Bridge St
Bridge St
Bridge St
Tor St
Tor St
Bridge St
Bridge St
Bridge St
Bridge St
Bridge St
Druce St            
Druce St            
Warrego Hwy
Warrego Hwy
Warrego Hwy
Tara St           
Tara St           
Tara St           
Tor St
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Tor St
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
313
313
313
313
313
313
313
313
313
313
313
313
313
313
313
435
435
437
437
437
2
2
2
3
2
2
2
2
2
2
2
2
2
2
2
3
3
3
2
3
3
3
3
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.150
 0.150
 0.180
 0.330
 0.390
 0.440
 0.440
 0.440
 4.520
 4.520
 4.520
 4.520
 4.520
 4.520
 4.520
 4.520
 4.520
 4.520
 4.520
 4.520
 4.520
 4.520
 4.520
 4.670
 4.670
 4.700
 4.850
 4.910
 4.960
 4.960
 4.960
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20020017237
20040013839
20020007358
20030022865
970013862
20000014766
20020004366
980006488
20040006782
20040023229
20600017868
20060013684
960022457
970005970
970015597
980015000
990004551
990007727
990023878
990024944
990027219
20000019042
20010020884
Crash No.
16-JUL-2002
02-JUN-2004
28-MAR-2002
15-SEP-2003
27-JUN-1997
07-JUL-2000
24-FEB-2002
24-MAR-1998
16-MAR-2004
11-SEP-2004
16-JUN-2006
07-JUN-2006
21-SEP-1996
18-MAR-1997
19-JUL-1997
07-JUL-1998
05-MAR-1999
16-APR-1999
03-NOV-1999
16-NOV-1999
14-DEC-1999
02-SEP-2000
06-SEP-2001
Date
Tue
Wed
Thu
Mon
Fri
Fri
Sun
Tue
Tue
Sat
Fri
Wed
Sat
Tue
Sat
Tue
Fri
Fri
Wed
Tue
Tue
Sat
Thu
Day
15
20
12
14
16
16
15
06
15
16
16
17
16
16
08
15
09
08
17
22
10
07
15
Hour
202
107
301
301
104
301
708
003
301
301
301
301
202
202
104
301
202
202
604
301
202
700
301
Dca
W
S
E
E
W
E
E
E
W
W
W
E
W
W
W
E
E
E
W
W
E
W
W
Key
Prop
Prop
Prop
Prop
Prop
Prop
Prop
Hosp
Hosp
Prop
Prop
Inj
Prop
Treat
Prop
Treat
Hosp
Treat
Inj
Prop
Inj
Prop
Prop
Seve
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
Fatal
11
11
40
99
11
99
11
11
99
99
99
99
11
11
11
11
11
11
11
10
10
11
11
Feature Vehicle 1
Car, Station W
4-Wheel Driv
Car, Station W
Utility, Panel 
Car, Station W
Car, Station W
Pedestrian
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Utility, Panel 
Bicycle
Car, Station W
Car, Station W
Utility, Panel 
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Utility, Panel 
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Motor Cycle
Car, Station W
Utility, Panel 
Car, Station W
Car, Station W
4-Wheel Driv
Utility, Panel 
Tara St           
Tara St           
Warrego Hwy
Warrego Hwy
Mcgregor St              
Warrego Hwy
Erin St          
Erin St          
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Mcgregor St              
Mcgregor St              
Mcgregor St              
Mcgregor St              
Mcgregor St              
Mcgregor St              
Mcgregor St              
Mcgregor St              
Mcgregor St              
Mcgregor St              
Mcgregor St              
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
437
437
314
438
438
314
314
314
314
314
314
314
314
314
314
314
2
3
3
3
3
3
3
3
2
2
2
3
2
2
2
3
3
3
2
2
2
2
2
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
 0.440
 0.440
 0.460
 0.460
 0.490
 0.510
 0.510
 0.550
 0.560
 0.580
 0.590
 0.600
 0.610
 0.610
 0.610
 0.610
 0.610
 0.610
 0.610
 0.610
 0.610
 0.610
 0.610
 4.960
 4.960
 4.980
 4.980
 5.010
 5.030
 5.030
 5.070
 5.080
 5.100
 5.110
 5.120
 5.130
 5.130
 5.130
 5.130
 5.130
 5.130
 5.130
 5.130
 5.130
 5.130
 5.130
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20030019246
20040013171
20050025959
20060015843
20600064387
980023266
20030002215
20050030081
960015913
990012799
20010009218
20010022671
20020016193
20040015712
20040017028
20040018030
20060003731
20020003625
960006404
920029224
960008787
960018797
960025069
Crash No.
27-JUN-2003
25-MAY-2004
16-OCT-2005
10-JUL-2006
05-AUG-2006
24-OCT-1998
30-JAN-2003
24-NOV-2005
08-JUL-1996
19-JUN-1999
26-APR-2001
27-SEP-2001
04-JUL-2002
23-JUN-2004
08-JUL-2004
19-JUL-2004
13-FEB-2006
15-FEB-2002
15-MAR-1996
23-DEC-1992
19-APR-1996
10-AUG-1996
23-OCT-1996
Date
Fri
Tue
Sun
Mon
Sat
Sat
Thu
Thu
Mon
Sat
Thu
Thu
Thu
Wed
Thu
Mon
Mon
Fri
Fri
Wed
Fri
Sat
Wed
Day
20
17
18
17
11
09
08
15
01
17
11
09
17
18
17
08
10
15
14
08
07
02
18
Hour
301
207
100
001
301
301
303
406
104
301
202
301
104
202
301
001
202
301
301
104
301
700
104
Dca
E
W
E
W
E
E
W
S
E
W
W
W
E
E
W
W
W
E
W
E
E
W
E
Key
Inj
Treat
Inj
Hosp
Treat
Prop
Treat
Inj
Treat
Prop
Inj
Hosp
Prop
Prop
Prop
Treat
Inj
Prop
Treat
Prop
Prop
Prop
Hosp
Seve
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
Fatal
11
11
11
11
11
99
99
99
11
11
11
11
11
11
11
11
11
99
99
11
11
10
11
Feature Vehicle 1
Car, Station W
Car, Station W
Car, Station W
Pedestrian
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Utility, Panel 
Car, Station W
Car, Station W
Car, Station W
4-Wheel Driv
Car, Station W
Car, Station W
Pedestrian
Car, Station W
Utility, Panel 
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Truck
Car, Station W
Car, Station W
Utility, Panel 
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Utility, Panel 
Car, Station W
Car, Station W
Car, Station W
Truck
Car, Station W
Utility, Panel 
Car, Station W
Mcgregor St              
Mcgregor St              
Mcgregor St              
Mcgregor St              
Mcgregor St              
Warrego Hwy
Warrego Hwy
Warrego Hwy
Richmond Dr             
Richmond Dr             
Richmond Dr             
Richmond Dr             
Richmond Dr             
Richmond Dr             
Richmond Dr             
Richmond Dr             
Bridge St
Warrego Hwy
Warrego Hwy
Greenwattle St          
Greenwattle St          
Greenwattle St          
Greenwattle St          
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Richmond Dr             
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
314
314
314
314
314
489
489
489
489
489
489
489
489
489
440
440
440
440
3
2
3
2
3
3
2
3
3
2
3
2
3
3
2
2
3
3
2
3
3
2
3
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
 0.610
 0.610
 0.610
 0.610
 0.610
 0.630
 0.630
 0.640
 0.760
 0.760
 0.760
 0.760
 0.760
 0.760
 0.760
 0.760
 0.760
 0.860
 1.065
 1.265
 1.265
 1.265
 1.265
 5.130
 5.130
 5.130
 5.130
 5.130
 5.150
 5.150
 5.160
 5.280
 5.280
 5.280
 5.280
 5.280
 5.280
 5.280
 5.280
 5.280
 5.380
 5.585
 5.785
 5.785
 5.785
 5.785
Inter Cway RPC Dist Tdist Street 1 Vehicle 2 Street 2
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970009093
970011290
980026530
990012901
990022298
20000012660
20010005491
20010008729
20010009881
20010016717
20020032381
20040015301
20050012167
20060002173
990023359
20010011337
930025774
980024773
920012505
920015721
920022120
940021052
950000501
Crash No.
28-APR-1997
26-MAY-1997
04-DEC-1998
21-JUN-1999
15-OCT-1999
13-JUN-2000
12-MAR-2001
19-APR-2001
04-MAY-2001
21-JUL-2001
31-DEC-2002
19-JUN-2004
18-MAY-2005
27-JAN-2006
29-OCT-1999
22-MAY-2001
23-NOV-1993
13-NOV-1998
04-JUN-1992
13-JUL-1992
27-SEP-1992
16-SEP-1994
08-JAN-1995
Date
Mon
Mon
Fri
Mon
Fri
Tue
Mon
Thu
Fri
Sat
Tue
Sat
Wed
Fri
Fri
Tue
Tue
Fri
Thu
Mon
Sun
Fri
Sun
Day
19
05
15
13
15
18
07
19
18
19
17
11
20
14
06
06
16
09
17
17
12
14
18
Hour
104
104
104
104
104
104
104
102
303
104
104
104
104
104
401
301
002
708
101
104
104
202
202
Dca
E
E
E
E
E
E
E
W
W
E
S
S
S
S
E
E
W
W
W
W
W
W
W
Key
Treat
Inj
Prop
Hosp
Prop
Treat
Inj
Treat
Prop
Hosp
Prop
Prop
Inj
Hosp
Inj
Treat
Hosp
Inj
Prop
Prop
Inj
Treat
Prop
Seve
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
Fatal
11
11
11
11
11
11
11
11
11
11
11
11
11
11
99
99
99
99
10
10
10
10
10
Feature Vehicle 1
Motor Cycle
Truck
Car, Station W
Utility, Panel 
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Utility, Panel 
Car, Station W
Bicycle
4-Wheel Driv
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Utility, Panel 
Utility, Panel 
Utility, Panel 
Car, Station W
Car, Station W
Car, Station W
Utility, Panel 
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Utility, Panel 
Pedestrian
Articulated Ve
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Greenwattle St          
Greenwattle St          
Greenwattle St          
Greenwattle St          
Greenwattle St          
Greenwattle St          
Greenwattle St          
Greenwattle St          
Greenwattle St          
Greenwattle St          
Greenwattle St          
Greenwattle St          
Greenwattle St          
Greenwattle St          
Warrego Hwy
Warrego Hwy
Bridge St
Warrego Hwy
Bridge St
Bridge St
Bridge St
Bridge St
Mcdougall St             
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Mcdougall St             
Mcdougall St             
Mcdougall St             
Mcdougall St             
Warrego Hwy
440
440
440
440
440
440
440
440
440
440
440
440
440
315
315
315
315
315
3
3
3
3
3
3
3
2
2
3
3
3
3
3
3
3
2
2
2
2
2
2
2
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
7
7
7
7
7
 1.265
 1.265
 1.265
 1.265
 1.265
 1.265
 1.265
 1.265
 1.265
 1.265
 1.265
 1.265
 1.265
 1.265
 1.710
 1.735
 2.060
 2.060
 0.000
 0.000
 0.000
 0.000
 0.000
 5.785
 5.785
 5.785
 5.785
 5.785
 5.785
 5.785
 5.785
 5.785
 5.785
 5.785
 5.785
 5.785
 5.785
 6.230
 6.255
 6.580
 6.580
 6.630
 6.630
 6.630
 6.630
 6.630
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950003498
950004440
950018582
960007200
970002342
970005145
970008357
980015032
980022591
980025702
990002127
990003391
990009923
990012988
990014277
990024366
990025490
990027261
20010003945
20010007564
20010009665
20010013261
20010015192
Crash No.
15-FEB-1995
26-FEB-1995
14-AUG-1995
29-MAR-1996
01-FEB-1997
07-MAR-1997
08-APR-1997
13-JUL-1998
15-OCT-1998
24-NOV-1998
01-FEB-1999
17-FEB-1999
14-MAY-1999
22-JUN-1999
06-JUL-1999
09-NOV-1999
23-NOV-1999
14-DEC-1999
21-FEB-2001
04-APR-2001
02-MAY-2001
13-JUN-2001
04-JUL-2001
Date
Wed
Sun
Mon
Fri
Sat
Fri
Tue
Mon
Thu
Tue
Mon
Wed
Fri
Tue
Tue
Tue
Tue
Tue
Wed
Wed
Wed
Wed
Wed
Day
10
14
06
14
17
15
15
13
12
09
09
10
12
11
07
17
15
19
13
18
15
09
15
Hour
104
304
101
705
202
201
301
301
202
101
202
202
202
101
301
202
202
202
306
202
202
202
202
Dca
E
W
W
W
W
E
E
E
E
E
E
W
W
E
E
E
E
E
W
E
W
W
W
Key
Treat
Treat
Hosp
Prop
Prop
Hosp
Treat
Prop
Treat
Treat
Prop
Hosp
Hosp
Prop
Inj
Prop
Prop
Prop
Prop
Treat
Hosp
Prop
Treat
Seve
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
Fatal
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
Feature Vehicle 1
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Truck
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Articulated Ve
Utility, Panel 
Car, Station W
Car, Station W
Articulated Ve
Car, Station W
Utility, Panel 
Car, Station W
Road Train/B
Car, Station W
Car, Station W
Car, Station W
Utility, Panel 
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Utility, Panel 
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Utility, Panel 
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Utility, Panel 
Mcdougall St             
Bridge St
Mcdougall St             
Mcdougall St             
Mcdougall St             
Mcdougall St             
Mcdougall St             
Mcdougall St             
Mcdougall St             
Mcdougall St             
Mcdougall St             
Mcdougall St             
Mcdougall St             
Mcdougall St             
Mcdougall St             
Mcdougall St             
Mcdougall St             
Mcdougall St             
Mcdougall St             
Mcdougall St             
Mcdougall St             
Mcdougall St             
Mcdougall St             
Warrego Hwy
Mcdougall St             
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
315
315
315
315
315
315
315
315
315
315
315
315
315
315
315
315
315
315
315
315
315
315
3
2
2
2
2
3
3
3
3
3
3
3
2
3
3
3
3
3
2
3
2
2
2
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 6.630
 6.630
 6.630
 6.630
 6.630
 6.630
 6.630
 6.630
 6.630
 6.630
 6.630
 6.630
 6.630
 6.630
 6.630
 6.630
 6.630
 6.630
 6.630
 6.630
 6.630
 6.630
 6.630
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20010021888
20020004177
20020015549
20020017823
20020019913
20020022999
20040004110
20040013080
20050017820
20060016769
20050008645
20010021008
20050013586
940003963
950005890
20010008953
20010027318
920017736
940001326
940021459
950006535
950007148
950019689
Crash No.
18-SEP-2001
22-FEB-2002
27-JUN-2002
22-JUL-2002
13-AUG-2002
14-SEP-2002
17-FEB-2004
24-MAY-2004
19-JUL-2005
13-MAR-2006
09-APR-2005
07-SEP-2001
03-JUN-2005
14-FEB-1994
16-MAR-1995
22-APR-2001
13-NOV-2001
05-AUG-1992
19-JAN-1994
22-SEP-1994
24-MAR-1995
31-MAR-1995
25-AUG-1995
Date
Tue
Fri
Thu
Mon
Tue
Sat
Tue
Mon
Tue
Mon
Sat
Fri
Fri
Mon
Thu
Sun
Tue
Wed
Wed
Thu
Fri
Fri
Fri
Day
09
11
13
17
17
18
20
17
18
08
08
21
05
20
20
16
16
16
16
13
22
18
13
Hour
202
202
202
202
301
202
104
202
202
202
301
703
301
801
005
406
003
104
202
303
104
106
104
Dca
W
W
E
W
W
E
N
N
W
W
W
E
E
E
E
E
E
W
E
E
W
W
W
Key
Prop
Inj
Prop
Hosp
Prop
Treat
Treat
Prop
Hosp
Prop
Inj
Prop
Treat
Prop
Hosp
Prop
Treat
Inj
Hosp
Hosp
Prop
Prop
Prop
Seve
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
Fatal
10
10
10
10
10
10
10
10
10
10
99
99
99
99
99
99
99
10
10
10
10
10
10
Feature Vehicle 1
Utility, Panel 
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Utility, Panel 
Utility, Panel 
Car, Station W
Car, Station W
Car, Station W
Motor Cycle
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
4-Wheel Driv
Utility, Panel 
Car, Station W
Car, Station W
Car, Station W
Motor Cycle
Car, Station W
Car, Station W
Utility, Panel 
Car, Station W
Car, Station W
Pedestrian
Car, Station W
Pedestrian
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Mcdougall St             
Mcdougall St             
Mcdougall St             
Mcdougall St             
Mcdougall St             
Mcdougall St             
Mcdougall St             
Mcdougall St             
Mcdougall St             
Mcdougall St             
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Boundary St              
Boundary St              
Boundary St              
Boundary St              
Boundary St              
Boundary Rd
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Bridge St
Bridge St
Bridge St
Bridge St
Bridge St
Warrego Hwy
315
315
315
315
315
315
315
315
315
315
316
316
316
316
316
316
2
2
2
2
2
3
2
2
3
3
2
3
3
3
3
3
3
2
3
3
2
2
2
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
8
8
8
8
8
8
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.100
 0.150
 0.200
 0.300
 0.450
 0.550
 0.630
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 6.630
 6.630
 6.630
 6.630
 6.630
 6.630
 6.630
 6.630
 6.630
 6.630
 6.730
 6.780
 6.830
 6.930
 7.080
 7.180
 7.260
 7.280
 7.280
 7.280
 7.280
 7.280
 7.280
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970015502
970026563
990008477
990012886
990015051
990015170
990016599
990020603
990026190
20000000364
20000014915
20010013698
20020017109
20020019345
20020025709
20030005922
20030008821
20030013209
20030022616
20040028489
20050002219
20600092626
20030030557
Crash No.
18-JUL-1997
05-DEC-1997
26-APR-1999
10-JUN-1999
17-JUL-1999
19-JUL-1999
05-AUG-1999
24-SEP-1999
02-DEC-1999
07-JAN-2000
12-JUL-2000
18-JUN-2001
15-JUL-2002
07-AUG-2002
15-OCT-2002
13-MAR-2003
14-APR-2003
02-JUN-2003
12-SEP-2003
06-NOV-2004
28-JAN-2005
03-NOV-2006
27-OCT-2003
Date
Fri
Fri
Mon
Thu
Sat
Mon
Thu
Fri
Thu
Fri
Wed
Mon
Mon
Wed
Tue
Thu
Mon
Mon
Fri
Sat
Fri
Fri
Mon
Day
09
06
10
10
15
07
12
15
15
20
07
11
11
16
15
09
09
16
15
12
20
19
08
Hour
202
104
101
202
104
101
900
202
104
102
104
101
703
104
104
104
104
102
102
104
202
202
708
Dca
E
W
E
W
W
E
E
E
W
E
W
E
W
N
N
N
N
N
N
W
W
W
W
Key
Prop
Prop
Treat
Treat
Hosp
Treat
Prop
Prop
Treat
Prop
Hosp
Inj
Inj
Prop
Prop
Prop
Prop
Prop
Prop
Treat
Prop
Fatal
Treat
Seve
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
Fatal
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
99
Feature Vehicle 1
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Utility, Panel 
Truck
Utility, Panel 
4-Wheel Driv
Car, Station W
Car, Station W
Utility, Panel 
Car, Station W
Car, Station W
Car, Station W
Utility, Panel 
Car, Station W
Utility, Panel 
Car, Station W
Utility, Panel 
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Articulated Ve
Car, Station W
Utility, Panel 
Articulated Ve
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Utility, Panel 
Car, Station W
Car, Station W
4-Wheel Driv
Car, Station W
Boundary St              
Boundary St              
Boundary St              
Boundary St              
Boundary St              
Boundary Rd
Boundary Rd
Boundary St              
Boundary St              
Boundary St              
Boundary St              
Boundary St              
Boundary St              
Boundary St              
Boundary St              
Boundary St              
Boundary St              
Boundary St              
Boundary St              
Boundary Rd
Boundary St              
Boundary St              
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
316
316
316
316
316
316
316
316
316
316
316
316
316
316
316
316
316
316
316
316
316
3
2
3
2
2
3
3
3
2
3
2
3
2
2
2
2
2
3
3
2
3
3
2
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.000
 0.200
 7.280
 7.280
 7.280
 7.280
 7.280
 7.280
 7.280
 7.280
 7.280
 7.280
 7.280
 7.280
 7.280
 7.280
 7.280
 7.280
 7.280
 7.280
 7.280
 7.280
 7.280
 7.280
 7.480
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20010017298
20050032352
930006000
940004596
940014005
990027306
20030013354
990001850
20040016852
20000020193
980015961
960001858
20000000931
960018113
940002126
990023654
970003307
20600047915
20020011416
20020001396
20010022053
20020016143
20040016138
Crash No.
27-JUL-2001
21-DEC-2005
24-MAR-1993
25-FEB-1994
24-JUN-1994
15-DEC-1999
04-JUN-2003
28-JAN-1999
06-JUL-2004
15-SEP-2000
25-JUL-1998
25-JAN-1996
15-JAN-2000
02-AUG-1996
30-JAN-1994
01-NOV-1999
13-FEB-1997
13-AUG-2006
12-MAY-2002
20-JAN-2002
20-SEP-2001
04-JUL-2002
28-JUN-2004
Date
Fri
Wed
Wed
Fri
Fri
Wed
Wed
Thu
Tue
Fri
Sat
Thu
Sat
Fri
Sun
Mon
Thu
Sun
Sun
Sun
Thu
Thu
Mon
Day
19
05
10
17
10
12
08
13
17
18
06
12
16
04
13
19
19
00
02
05
00
10
13
Hour
803
704
703
800
202
301
302
703
703
102
607
301
607
802
802
301
800
703
609
705
800
306
104
Dca
E
E
E
W
E
E
S
E
E
E
W
E
W
E
E
E
W
W
W
W
E
S
Key
Prop
Inj
Prop
Prop
Treat
Hosp
Prop
Prop
Prop
Hosp
Hosp
Prop
Hosp
Prop
Treat
Treat
Prop
Inj
Prop
Prop
Treat
Prop
Hosp
Seve
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
Fatal
99
99
11
11
11
11
11
99
99
11
99
11
99
99
99
99
99
99
99
99
99
99
11
Feature Vehicle 1
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Utility, Panel 
Articulated Ve
Animal - Stoc
Utility, Panel 
Utility, Panel 
Car, Station W
4-Wheel Driv
Car, Station W
Utility, Panel 
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Utility, Panel 
Car, Station W
Motor Cycle
Articulated Ve
Articulated Ve
Car, Station W
Car, Station W
Car, Station W
Car, Station W
Utility, Panel 
Car, Station W
Car, Station W
Car, Station W
Warrego Hwy
Warrego Hwy
Nugent Pinch Rd       
Nugent Pinch Rd       
Bridge St
Nugent Pinch Rd       
Nugent Pinch Rd       
Warrego Hwy
Warrego Hwy
Banyula Dr              
Warrego Hwy
Banyula Dr              
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Charlton - Gowrie Jun
Warrego Hwy
Warrego Hwy
Nugent Pinch Rd       
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
Warrego Hwy
317
317
317
317
318
3
3
3
2
3
3
3
3
3
1
1
1
1
1
1
1
1
1
1
1
1
1
1
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
 0.690
 0.690
 0.790
 0.790
 0.790
 0.790
 0.790
 0.890
 0.920
 1.270
 1.290
 1.500
 1.593
 1.677
 1.800
 1.870
 1.900
 1.920
 1.970
 2.170
 2.220
 2.270
 2.340
 7.970
 7.970
 8.070
 8.070
 8.070
 8.070
 8.070
 8.170
 8.200
 8.550
 8.570
 8.780
 8.873
 8.957
 9.080
 9.150
 9.180
 9.200
 9.250
 9.450
 9.500
 9.550
 9.620
Inter Cway RPC Dist Tdist Street 1 Vehicle 2 Street 2
18B  Toowoomba - DalbyRoad Section Cway  2.300  10.620Tdist  - 
